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_ DAT | Aleee, 
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anew advanced 
system of integrated 
instrumentation 
for data handling 
and industrial 


process control 


DATAFLEX consists of a wide and increasing range of individual modular 
units capable of handling even the smallest electrical signals derived from 
transducers measuring physical quantities. Even when subjected to abnormal 
background interference, these signals can be amplified to workable size, 
compared with references, shaped and directed to provide a variety of 
control functions. Where required output can be displayed, printed out 
on paper or cards, punched tape or magnetic tape. 


Single, double, treble or quadruple modules are designed to plug into a 
common shelf which houses the equivalent of eight single width modules. 
With suitable side members, the units can be housed as a complete 
equipment on standard 19 inch racks. Alternatively, the modules can be 
enclosed in a suitable instrument case, varieties of which are available to 


form multi-layered equipments. 


The answer to the simplest or most complex data handling or process 
control system could well be DATAFLEX. 


Write now for details of this new range of instruments. 


Enquiries should be addressed to:— 





NOTTINGHAM 





HEAD OFFICE - 22 LINCOLN'S INN FIELDS LONDON W.2 
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SPECIAL FEATURES 


Interkama in Diisseldorf 


K. C. GARNER of the College of Aeronautics found the Germans pushing 
ahead on many fronts at this first-class exhibition last month 


Progress through instrumentation 


This was the theme of the fifteenth annual conference and exhibition of the 
Instrument Society of America, specially reported for Control by R. S. 
MEDLOCK of George Kent Ltd 


Control mechanisms for nuclear reactors 


Elliott's JOHN TINDALE introduces some of the ingenious hardware that is 
used to keep the behaviour of nuclear power stations within bounds 


Computers for process automation 


To bring the crowded picture into focus, P. F. SUTHERBY of Elliott Auto- 
mation explains in simple terms what computers do and will mean to the 
control engineer 


The theory of invariance 


L. FINKELSTEIN of Northampton C.A.T. explains a controversial Soviet 
theory, and concludes that it has produced a very satisfactory and general 
treatment of some fundamental problems 


Boiler feed discharge systems under changing load 


The Generating Board’s A. J. MORTON castigates designers for their hit- 
and-miss methods, and shows the way to a more orderly and less wasteful 
technique 


Pole-zero approach to system analysis 


In the first of an elucidatory series, Dr P. F. BLACKMAN of Imperial College 
explains the basic ideas needed to understand the root locus method 


Controlling v.t.o.l. aircraft at transition speeds 


Short Brothers’ J. J. FOODY, finishing his article on these tricky new 
machines, is convinced that more and faster development is wanted 


REGULAR FEATURES 


Leader: Gimmicks and real contributions 
Viewpoint: Focus for research by J. H. Westcott 
Control Survey—18: Miniature recorders by J. R. Spencer 


Look at America: I.S.A. Conference—saturating systems—hydraulic-valve effi- 
ciency—process dynamics 


Ideas applied...to mass flow—analogue storage—print-out—servo-testing 


Letters to the Editor 80 Pick-off 

Publisher’s column 80 New for control 
Control in action 121 Industrial publications 
People in control 125 Looking ahead 
Authors in Control 126 Book reviews 

News round-up 127 Literature received 





LOOKING FOR A JOB? 
control engineering. SEE PAGE 206 AND ONWARDS 


Control carries the best jobs going in instrument and 
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only HAGAN ring 


balance meters have 


all these features 


a. 


High sensitivity and accuracy assured by a unique 
range calibration system and excellent torque-to- 
friction ratio, enabling the meter to be sensitive to flow 
changes BELOW 10% full scale. 


Accurate checkweights permit calibration of the meter 
under operating static pressures without disconnecting 
pipework, eliminating the need for unwieldy mano- 
meters. 


Interchangeable ring assemblies for full scale ranges 
from o-5 in. WG to 560 in. WG for static pressures 
from § lb. p.s.i.g. to 6000 lb. p.s.i.g. Adjustment 
on any one ring over a 3-1 differential range. 


Pneumatic or electric transmission can be provided. 


HAGAN CONTROLS LIMITED 









Pressure and temperature compensating features can 
be embodied. 


Up to two flow measuring elements and four recording 
pens may be combined in one meter. 


The integrator is a simple accurate unit, easily checked. 
Readings are totalised on a counter which can be read 
without opening the case. 


No mechanism is in contact with the fluid under 
measurement. 


Calibration is independent of both the net density 
of the sealing liquid and the quantity of sealing liquid, 
so long as a seal is maintained. 


14 Grosvenor Place S.W.1° Belgravia 6382+ Telegrams: Hagantrol Knights 


One of the 
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Group of Companies. 
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MEGABILITY 


versus Binary Digititis * 





‘ 
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1 megabit to 4 megabits 


a 


Magnetic storage drums afford the most economical 
method of medium-access storage of information. 


The new range of Sperry type C Magnetic Storage 
Drums provides to computer designers and users 
a flexible range of storage capacity with a 
“building-block” growth potential, directly 
related to the increasing demands on the complete 
system. 





SPERRY rr 


6 ereney oneer 
or cous - oe * Megability 
ee — the ability to 
a j seen aus store megabits. 
gnetic Storage DrUMS BEE nr dein 
‘som onus = 8 — inability to add 
Drums sPeRRY 
SPERRY CRUD s 
SPERRY ORUMS = S 7tae 
Wonums SsPEeRRy. aa OR. 
“ anes aay aay = socnn 
arene as apthny DRUMS  SPCRRY ORUMS - SPERRY ORD 


srt 
SPERRY ORUMS - 
SPERRY GYROSCOPE COMPANY LIMITED “*ejgoue src onus" spaey aun 
Great West Road, Brentford, Middlesex. 2 oe 
Telephone: ISLeworth 1241. Telex: 23800 
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Flow measured b 


AW.E. 


Flow readings as low as 1.0 in./sec. are registered 

accurately by the Armstrong Whitworth Equipment 

Miniature Flow Meter. 
Minute size of the five bladed rotor head enables use ’ 7 

in very small ducts and hydraulic research models. Manufactured under licence from D.S.1.R. 

Normal working is up to 60 in./sec. 10 Kc/s oscillator and operating three Dekatron 
Construction in gold, stainless steel, P.V.C. and counters. Outputs can be fed to an oscilloscope or 

industrial jewels gives a high level of corrosion telemetry control circuit. 

resistance. Accuracy of measuring head + 5% at 1 in./sec. +1% 
Readings are via a bridge network energised by a_ at6in./sec. and above 


A.W.E. flowmeter range ‘101’ handles flow 
rates from 0.5 to 30 g.p.m. at pressures 

up to 6000 p.s.i. 

Meters can be used with a wide variety of 
fluids. Body construction is of light alloy. 
Potentiometer ‘pick-off’ gives instantaneous 
readings on remote panel indicators, 

pen recorders, or signals can be used in 
production control system. 

Accuracy + 2°, of indicated flow rate over 
wide temperature and flow ranges. Greater 
accuracy obtainable for specific temperatures 
and flow conditions. 


ARMSTRONG WHITWORTH EQUIPMENT, Hucclecote, Gloucester. Telephone: Gloucester 66781 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., MEMBER OF HAWKER SIDDELEY AVIATION 
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a dramatic new light source 
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micro-signal 


CHOPPER 


He 


alternative coil/contact 
terminations 


One of the biggest problems which beset circuit engineers engaged in the design of 
dc/dc or dc/ac amplifiers is the annoying presence of electrical noise, particularly when 
handling low-power signals. The need for components with low inherent noise levels 
is vital and largely determines the ultimate efficiency of the amplifier. 


The Type D micro-signal chopper developed from our earlier designs is not only 
capable of handling minute signals (as low as |0uV) but offers the designer greater 
layout flexibility by providing a choice of five different coil/contact terminations. This, 
it will be appreciated is a most important feature when considering lead length 
to components. 


Life of the new chopper is in excess of 2,000 hours and can be prolonged by periodic 
contact trim. 


if you are “‘noise-embarrassed’’—write for details of the Type D to:— 


TECHNICAL SERVICES DEPT. 
ELECTROMECHANICAL DIVISION 
ERICSSON BEESTON .- NOTTINGHAM 
ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W.C.2 
ER. 
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Any air control system incorporating cylin- and safer operation and longer, care-free 
ders and valves, or which operates tools and service. It prevents wastage of high-pressure 
equipment, will give better service if the air air and reduces frictional wear on installa- 
is properly filtered, the pressure is regulated tions and equipment. The LUB-AIR-ATOR 

to the job and adequate lubrication is is easily maintained. It has no moving parts 

provided. The Schrader LUB-AIR-ATOR is to wear and can be serviced without disturbing 

a combination of three units which perform the pipe connections. Available in three sizes 

these functions automatically, ensuring better with various flow capacities. 























AIR LINE AIR PRESSURE AIR LINE 
FILTERS REGULATORS LUBRICATORS 
Clean the air supply of Reduce and maintain Provide lubrication 


rust, dirt and moist- 
ure. Sintered bronze 
filter unit, whirling 
action baffle plate and 
bowl, easily cleaned 
without disturbing 
piping. 
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line pressures to the 
actual requirementsat 
any point. Outstand- 
ing for higher capa- 
city, faster response 
and lower pressure 
drop under loading. 


To: A. SCHRADER’S SON, Air Control Products Dept. c, 





Please send details of Schrader LUB-AIR-ATOR 


protection for cylin- 
ders, valves and pneu- 
matic equipment. 
External flow adjust- 
ment. Visible oil level. 
Refilled without shut- 
ting off the air. 





829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 
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66089 £10 million 48 acre paint trim and assembly plant— |» 


SQUARE D gear controls vital 10 miles of flow line 






Square D plays a key part in this new plant—the most 
advanced of its type to-day. Its selective conveyor 
system was designed and installed by Geo. W. King Ltd. 
in co-operation with Ford engineers. 


Square D was specified for the plant’s complex range 
of automatic flow line operations. Two central control 
rooms, together with several local consoles designed 
and built by Square D, supervise the entire handling 
system. Hundreds of Square D 2-unit push button 
stations and limit switches are heavily worked in this 
up-to-the-minute example of automation in 
the motor industry. 






LEADERS IN CONTROL GEAR FOR OVER 50 YEARS 


SQUARE J) LIMITED 
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. . Wherever electricity is controlled 


A Complete LINE 
OF SQUARE D 
ELECTRICAL 

CONTROL 

EQUIPMENT 


A. C, RELAYS 

COMBINATION STARTERS 
CONTACTORS 

CONTROL CENTRES 

D.C. RELAYS 

ENGINEERED CONTROL SYSTEMS 


| ia = che ee = FOOT SWITCHES 
hte pein noplement oe oo cn an LIMIT SWITCHES 


Be tence: sche ond | We MACHINE TOOL CONTROL 
lint on ere patie MOTOR STARTERS 
OIL-TIGHT PUSH BUTTONS 
PRESS CONTROL 
PRESSURE SWITCHES 
REDUCED VOLTAGE STARTERS 
ae Se Lieu: mee. «SAA SNTOOIES 


ie | ‘; lates the flow of bodies over the 
conveyor bridge and into twin TIMERS 
storage lines before the phos- 
phating process. Each line of 11 VOLTAGE TESTERS 
bodies is fed alternately by 
automatic selection. 


FIELD ENGINEERING SERVICE 

is available through Square D offices in 

LONDON: BIRMINGHAM 

MANCHESTER - GLASGOW 

NEWCASTLE : BRISTOL 
a AND LEEDS 


CHEYNEY MANOR SWINDON WILTSHIRE 
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SERVO TEST WAVEFORM 
GENERATOR TWG 100 


Compact > Stable - Versatile - Low price £135 - by Feedback Ltd. 


0.03 to 30 c.p.s. continuously variable over 6 switched ranges 

Sine, square and clipped triangle wave forms 

Up to 40 volts p-p at 8 mA p-p 

Excellent frequency and amplitude stability 

Square and triangular auxiliary outputs synchronised with main signals 
Relay for dual trace on single-beam oscilloscope 

Phase measurements in conjunction with suitable oscilloscope 


This instrument is one of an expanding range of control system equipment for educational 
and industrial laboratory work 


FEEDBACK LTD Bis einaticnmrurenen 
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When a problem in electrical control is presented to 

Brookhirst Igranic, no matter what industrial application it may 

be, the resulting system is engineered and built exactly to suit 

the job in hand. 

The problems are not always simple, but rarely impossible, and 

our archives enable us to devise for you» complex schemes 

wholly based on proven designs and techniques. 

it is at an early stage in your project that we can be most helpful. 

Your plant, and its control circuitry and equipment, will then be 

designed together. 

a BE OOKHIRST IGRANIC 

Get) BR 

5 Lh Sales Headquarters: BEDFORD WORKS - BEDFORD Worksa: CHESTER & BEDFORD 
Area Offices: BIRMINGHAM + BRISTOL « CARDIFF + EAST ANGLIA + GLASGOW - LEEDS 


LONDON « MANCHESTER + MID-SOUTHERN + NEWCASTLE + NOTTINGHAM + SHEFFIELD 
My Metal industries Group BELFAST 


Makers of Gritain’s widest range of electrical contro! and associated equipment. 3) /49 
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The Solartron Process Response Analyser JY743 

is a precision electronic instrument designed for 
frequency response analysis from 1 cycle in 10,000 
seconds to 100 cycles per second. To attain stability 

and accuracy at very low frequencies analogue computer 
techniques and components are used throughout. 

This instrument is particularly suitable for design and 
performance analyses in the following fields: 


The automatic control of fluid thermal and chemical processes. 
The control of nuclear reactors. 


The position and speed control of massive objects in 
industrial plant. 


Missile and aircraft control and power systems. 

All types of large hydraulic and electrical servos. 

Analogue computer studies of the above systems, especially 
where the investigation concerns system stability. 

SPECIAL FEATURES INCLUDE: 


Frequency response analysis in many fields. 

Very wide frequency range. 

High accuracy and stability—electronic throughout. 
Discrimination against harmonics. 

Steady readings—even at the lowest frequency. 


Write for full details to: 
THE SOLARTRON ELECTRONIC GROUP LTD. 


Victoria Road, Farnborough, Hants. Tel: Farnborough (Hants.) 3000 
FG) A.member of the Firth Cleveland Group 
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Exceliently Matched 


Magnetic Devices co-axial plugs and sockets are 

excellently matched to the cables they connect. 

Miniature types are available for most applications 

in the radio and electronic industries. 

Cable Clamp will resist a pull of 35 lb. on cable. 

Watertight—to RCS 322 

Excellent Insulation—tested to withstand 1500 v. to earth 

Low contact resistance— Less than 0.2 mill-ohms 

V.S.W.R. better than 0.833: 1—using Uniradio 43 up to 1200 m/cs. 

using Uniradio 70 up to 200 m/cs. 


Technical literature with full specifications available on request 


MAGNETIC DEVICES LTD 


NEWMARKET - ENGLAND 


Tel : Newmarket 3181 (5 lines) * Grams: Magnetic Newmarket 
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- yugged contactless 






)_- control equipment 
| is vital 
you'll need 





STATIC SWITCHING SYSTEMS 





The Proximity Switch will provide a 
signal to operate a Basic Logic Unit, 
whenever a mass of ferrous material 
comes within 5mm of the operating face. 
Having no moving parts, it is an encap- 
sulated wound component suitable for use 
in conditions of vibration, shock, dust, 
damp—in fact, in any environment where 
the epoxy potting compound and the 
cable gland will not be damaged. 


The Contactless Changeover Switch, 
a form of differential transformer, 
will provide signals to operate Basic 
Logic Units, changing over when the 
armature is rocked by about 1.5 degrees 
i.e. Imm movement at one end. Apart 
from the solid steel armature which 
pivots on a stainless steel pin in a bronze 
bush, there are no moving parts; the body 
of the device being similar to that of the 
proximity switch. 


The Basic Logic Unit provides the 
normal logic functions i.e. OR, AND, 
AND/ NOT, LATCH etc. The standard 
inputs signal is 1.5 Volts at 68 ohm, 
although pre-amplifiers can be provided 
if required. An output of 900mW into 47 
ohms is normal for the basic logic unit, 
sufficient to drive any Sanders trans- 
ductor from 1 Watt output to 10kW 
output. 

The latching units have a ‘“‘MEMORY”’ 
facility enabling them to remain latched 
during total power failure. 


This Static Switching System provides control equipment without the use of elec- 
trical contacts which may corrode, weld or wear out and with the minimum moving 
parts required to provide the initial information to the system. The only electrical 
components used in the entire system are encapsulated transductors, wirewound 
resistors, transformers and silicon rectifiers—components used well within the 
manufacturers’ limits to ensure reliability. 
The information fed to the basic logic units can be derived from photo-electric cells, 
tacho-generators and any device that will provide a few milliamps into a 100 ohm 


winding. 


This is one of a series of new 
instruments and components by 






THE 


GROUP OF COMPANIES 


W. H. SANDERS (ELECTRONICS) LTD 


GUNNELS WOOD ROAD 
Telephone ‘ Stevenage 981. 
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STEVENAGE - HERTS 
Telex 82159 Sanders Stev. 
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Telecommunications 


Two recent major steps in the improvement of world telecom- 
munications have been the laying of the first Trans-Atlantic and the 
California—Hawaii submarine telephone cables. 

When laying cable either on a flat sea bed or over underwater 
mountain ranges, the exact control of paying out speed and tension in 
the cable is of paramount importance. ‘VSG’ variable delivery oil 
hydraulic pumps are used to act as brakes on the cable, which is 
drawn out of the ship by its own weight. This enables a very smooth 
and regulated control to be maintained or instantly varied to suit ship 
speed, paying out speed and tension in the cable. 

It is just another of the highly varied applications of ‘VSG’ 
variable delivery pumps and transmission gears which have now been 
serving modern industry for over fifty years. 


SERVING MODERN INDUSTRY 


VICKERS ARMSTRONGS (ENGINEERS) LTD VICKERS HOUSE BROADWAY LONDON SW! 


CONTROL November 
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For the first time- 
a low-cost approach 

to computer control 
of processes 


Anatrol represents a completely new and practical approach to the 
problem of multi-variable control of processes. 

By a new concept of analogue computation, the many variables involved in 
a process can, at last, be united and co-related in an optimum relationship 
to improve quality, cost and output. 

The low price of the computer, together with its compatibility with existing 

analogue measuring and actuating systems, facilitates progressive expan- 

sion of this form of control in a process plant. 

System analysis and similation facilities are available to study the application 


of this computer to industrial problems. 


SYSTEM ENGINEERING GROUP 


Up to 42 inputs plus internal pre-set 
constants. Up to 6 outputs capabie of 
supplying + 30 mA. Computing capa- 
bility equivaient to 75 amplifiers pilus 
Self-checking — fully 
transistorised for reliability — sealed 


25 multipliers. 


a cane 
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THE DE HAVILLAND AIRCRAFT CO. LTD. Biattcid, Herts. Tel: Hatfield 2300 


(Member Company of the Hawker Siddeley Group) 
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COMPUTERS — PRECISION BATCHING AND BLENDING— MONITORING—DATA ACQUISITION AND ANALYSIS—COMMUNICATION SYSTEMS 
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Now=-control af lower cost 


fluid, powder and granular 


material level 


® 


Universal mounting 


brackets 
-set Heavy duty relay of 
e of proved reliability 
ipa- Covers seaied 
pilus against dirt ingress oe 
a Substantial adjustment for ease 


construction . Fittings arranged to 
» Provision for foot suit all types of probe 


mounting Substantial die cast 
. Conduit entries for housing 


incoming cabies Conduit entry tor 
- Simple circuit incoming cabies 


. Stainiess steel Simple tully 
fittings transistorised circuit 


» Withdrawablie printed . Sealed against ingress 
circuit card of dirt 


Units are being used to indicate ‘and control the level of, 
beer, bicarbonate of soda, brine, bonemeal, cashews, 
carbide, cement, cereals, chalk, chemicals, chocolate, clay, 
coal, coke, fertilizer, flour, flue-dust, fruit juices, glass 
marbles, glucose, gravel, hydrochloric acid, lime, malt, milk, 
oils, oily water, peas, peat, petrol, plaster, plastic granules, 
plastic powder, rubber, sand, salt, sawdust, seeds, sugar, 
water, wood chips, wood pulp. 


wen 





These simple rugged units— 
operated by the controlled 
material causing electrical 
capacitance change between 
the probe inserted through the 
wall of the container-—are fully 
transistorised. Advanced de- 
sign and production techniques 
make possible high perform- 
ance and reliability at a lower 
price than ever before. 






For adherent materiais—glazed ceramic angie 
probe. 


ae > 


Heavy duty probe for coal, stone and similar 
materials. 


A comprehensive range of accessories 
and variations is available— battery oper- 
ated versions for vehicle use—fiush and 
suspension probes—intrinsically safe and 
other units for all forms of specialised 
application. 


Id 2300 LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 





- RUGELEY - STAFFORDSHIRE - 
Manufacturers of the world’s widest range of industrial electronic control equipment 


Vv STEMS 
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RESISTORS 


... from the largest... to the smallest 


The smallest resistor engineered by 

Expamet Cressall is approximately of 4 watts 
rating. Above this, almost any size and type 
of resistor or rheostat can be supplied. 

Such a service is unique and backed by 


© Wire wound resistors on porcelain unrivalled experience. Technical advice 
formers that can be pre-set y F 
be adiastalie taping bands te that makes full use of this unrivalled 


precise values. 


experience is freely available. 


EXPAMET and CRESSALL~go together all the way 


* These vitreous enamelled resistors 
| are robust and capable of 
withstanding extremes in adverse 
conditions of operation. 


The Electrical Division of 
The Expanded Metal Company Ltd. 


LONDON OFFICE: 16 Caxton Street, London, 8.W.1. Telephone: ABBey 7766 
WORKS: Stranton Works, West Hartlepool. Tel: Hartlepools 5531 


The Cressall Manufacturing Company Ltd., Eclipse Works, Tower Street, Birmingham 19 
Telephone: Aston Cross 2666 
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ADVERTISER'S ANNOUNCEMENT 


Electrical Aids in Industry 


Dielectric Heating -2 


The ability of dielectric heating to generate heat 
through the mass of a suitable material provides 
the following considerable advantages over other 
heating methods. 


1 A body of uniform section and composition is 
raised in temperature uniformly throughout. Hence 
there is no waiting for heat to be transferred from an 
external heat source to the surface of the body and 
thence to its interior, and this is of particular ad- 
vantage when the body is thick, and, as is often the 
case with dielectric materials, has poor heat- 
conducting properties. 

2 The rate of heating of such bodies is, therefore, 
much faster than by external heating methods. 

3 Since there is no external heat source, overheating 
or burning of the surface of a heat-sensitive material 
is avoided. 

4 High thermal efficiency is achieved. 


5 The amount of heat generated in the work is 
usually predictable and power input and heating 
time can be under positive control. 


6 Production can start immediately after switching 
on-and no current is used, nor heat lost, during 
periods of shut-down. 


7 Vastly increased productivity is obtainable with 
less labour (usually unskilled), and fewer machines 
and less floor space are required. 


8 Flexibility of layout makes it possible to plan the 
factory to best advantage, as dielectric heating 
equipment can usually be inserted directly into 
the production line. 


Dielectric heating: typical application data 
Typical application P Frequency Radio frequency 


iS power 
hermoplastuc 20-100 Mc.p.s. Up to 1 kW 
welding. 
Plastic pre-heating, 
wood glueing. 
Plywood manufacture. 2-10 Mc.p.s. Above 30 kW 


Note: 1 Mc.p.s. = 1,000,000 cycles per second. 


A few of the industrial applications of dielectric 
heating are briefly described below. 


10-40 Mc.p.s. 2-30 kW 


Preheating Thermosetting Plastics 


Dielectric heating is the ideal way of preheating 
moulding powder pellets used in the production of 
thermosetting plastic mouldings, since these ma- 
terials are generally poor heat conductors. Properly 
applied, dielectric preheating promotes faster curing 
and hence a shorter moulding time, often increasing 
production ten to fifteen 

times. There is a marked 

reduction in tool wear, and 

thicker sections can be 

moulded, as the material is 

plastic when placed in the 

mould. There is less 

damage to, and movement 

of, metal inserts. 


Welding of Thermoplastic Materials 

An important and extensive application of dielectric 
heating in the plastic industry is the welding of 
thermoplastic sheets in the fabrication of such 
commonly used articles as raincoats, hoods, hand- 
bags, pouches and packaging materials. Dielectric 
heating is the only method which can usefully be 


Data Sheet No. 11 


employed since the heating electrodes, and hence the 
outside sheet surfaces remain cool while the inside 
surfaces forming the joint are fused, and a perfect 
weld results. 

Two or more thermo- @ | 
plastic sheets are welded L 
under pressure from elec- ——$==—=.__. 
trodes suitably shaped to > eth 
the area of weld required, 
the current being switched * 
on at the same time as pressure is applied, and off as 
soon as the weld is completed and the pressure 
released. Stitching is thus eliminated and a far 
stronger joint achieved. 


—————————_—_—_ 
a a 

In most cases, component pieces are first cut from 
patterns and preliminary welding carried out to 
attach any fastening tabs and the like. The pieces are 
then brought together in a suitable loading frame 
and the main welding carried out to produce the 
complete article. In some cases, a suitably profiled 
electrode can be fitted with a knife edge to cut the 
sheets immediately outside the weld line, welding 
and pattern cutting being thereby carried out in the 
one operation. Dielectric welding can be applied 
also to very large thermoplastic products such as 
linings for swimming poois, and cinema screens, 


Drying 

Drying of materials by dielectric heating has the 
great advantage that the material tends to dry out 
from the centre, the reverse of what happens when 
external heating methods are employed, and the risk 
of overdrying and overheating of the surface is 
eliminated. in general 4 to 1 unit of electricity is 
required to drive off I ib. of moisture, depending 
upon the thermal properties of the material being 
dried. While the removal of large amounts of water 
from inexpensive commodities may sometimes be 
uneconomical, dielectric heating in the production 
line often leads to a higher overall production 
efficiency. It is valuable for removing tinal moisture 
traces and becomes increasingly economical as the 
value or heat-sensitivity of the commodity increases. 


Rubber 


External heating tends to dry and cure the surfaccs 
of a thick latex mass before its centre, but dielectric 
heating properly applied promotes uniform con- 
ditions throughout. 

Loaded rubber may not heat uniformly in a di- 
electric field due to uneven dispersion of its load, 
but nevertheless rubber preforms loaded up to 
about 15% are preheated dielectrically to reduce 
moulding times appreciably, the temperature 
evening out in the mould to give uniform curing. 

Further examples are given in Data Sheet No. 12. 


For further information get in touch with 
Electricity Board or write difect to the Electrical 
Development Association, 2 Savoy Hill, London, 
W.C.2. Telephone: TEMple Bar 9434. 

Excellent reference books on electricity and 
productivity (8/6 each, or 9/- post free) are 
available — “‘ Induction and Dielectric Heating” 
is an example. 

E.D.A. also have available on free loan in the 
United Kingdom a series of films on the industrial 
uses of electricity. Ask for a catalogue. 


ee ee 
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Vactric .«-@ Choice can be made from a wide 


selection of miniature precision built, low 
inertia, D.C. Servo motors in International 


DD Cc Se rvo frame sizes. These units conform to Ministry 


of Aviation Specification EL.1925 and incorp- 
orate stainless steel bearings. 

The rating of all motors is continuous, they 
are reversible and can be used as generators. 


Performance Data 


SIZE 07. 
Std. voltages 6, 12, 28. No load speed 
18,000 r.p.m. 
Torque 30 gm. cm. Min. stall torque 60 
gm. cm. 
Speed 8,000 r.p.m. Weight 40 gm. 


SIZE 08. 
Std. voltages 6, 12, 28. No load speed 
8,500 r.p.m. 
Torque 50 gm.cm. Min. stall torque 
100 gm. cm. 
Speed 5,000 r.p.m. Weight 60 gm. 


SIZE 11. 


Std. voltages 6, 12, 28. No load speed 
8,500 r.p.m. 


Torque 120 gm. cm. Min. stall torque 
270 gm. cm. 


Speed 5,000 r.p.m. Weight 145 gm. 


SIZE 15. 


Std. voltages 6, 12, 28. No load speed 
7,500 r.p.m. 


Torque 220 gm. cm. Min. stall torque 
650 gm. cm. 


Speed 5,000 r.p.m. Weight 305 gm. 


SIZE 18. 


Std. voltages 6, 12, 18. No load speed 
7,000 r.p.m. 


Torque 325 gm. cm. Min. stall torque 
1,200 gm. cm. 
Speed 5,000 r.p.m. Weight 450 gm. 


All units can be supplied with plain 
8 or with a pinion shaft permitting 
in-line reduction gearheads to be directly 
coupled; reductions up to 1,000,000:1 can 
be obtained with 2 gearheads in 


- te 2 tdephons for ae gealtng 
ur expanding range of Contro 
Equipment. 


(Control Equipment) Limited 


Vactric House, Sloane Street, London, S.W.1. Telephone BELgravia 7000 
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The Facts of Graphis 


96% of our clients 


are very happy about the work Graphis Publicity is doing for 

them (the other 4° doesn’t care, but his wife just loves Graphis : 
advertisements). Graphis is a young and go-ahead advertising e ei a | yi 
agency specialising in technical work. Graphis looks after pub- | 


relations, merchandising, printing, exhibitions—and makes the 

most of every appropriation. Graphis knows what technical 

clients are talking about, and what technical buyers want to Lt a 
know. Creatively imaginative, factually very sound. 


Asa matter of fact, a first-rate technical advertising agency. 


licity in all its forms—press advertising, public and press 2 a 
ublicity 


Registered Practitioners in Advertising 
Swan Yard, London N1_ Telephone: CANonbury 7076 
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GITAL AND 
4NOLOGUE COME 


: mete 


DIFFERENTIAL PRESSURE 
MEASURING SYSTEM 


ANKS UNDER 
PRESSURE 


ene: 


MULTI-POINT SCANNER UNIT 


any distance 
measurement 
transmission 


* 
i 


FEATURES OF THE ‘REDIFF’ PRESSURE GAUGE 


* Measurements from 0 to | inch of water gauge full 
scale deflection. 


* High Static Pressures Gradually or instantaneously. 
* Instantaneous High Static Overload. 


* Usable with liquids/gases having radio-active con- 
stituents. 


* Models made of Monel available. 


* Capable of withstanding sudden pressures up to 
4000 p.s.i. and temperature up to 250°C. 


* Electrical Supply : 100-200-220-240 v, 50 or 60 c/s. 


Ask for details of the ‘ Rediff‘ Instrument from: 


meow EC BY. eA REL. AWD A 


Basingstoke Hampshire England 
Tel: Basingstoke 2510/3 Telex : 8546 
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JONES-TATE 


100 S.D. 
SERIES 










Electrical Valve 


ACTUATORS 





NO OTHER ACTUATOR 
provides these STANDARD 
FEATURES :— 


WEATHERPROOF 

NO FIRE HAZARD 

Unit does not run in oil bath 
MINIMUM OVERHANG 
NO RESTRICTION ON 
INSTALLATION ANGLE 

SEATING THRUST controlled by 

sensitive TORQUE SWITCH 

AUTOMATIC TRANSFER 

Power drive to Handwheel and vice versa 
REPETITIVE HAMMERBLOW 
HIGH EFFICIENCY SPUR GEARING 


ANY VALVE ANY SIZE ANY ANGLE 


Rising or non-rising spindles - Stem Diameters up to 44” 
Valve spindle torques from 60-3500 Ib./ft. at 24 r.p.m. 

Thrusts from 12,000 to 150,000 Ibs. - Air or natural gas operation 
Also available flameproof-weatherproof versions 

















Years ahead for years to come!—Send for full technical details : 


JONES TATE AND COMPANY LTD. (DIVISION OF DEWRANCE) 


VICTORY WORKS, EAST PARADE, BRADFORD Tel. BRADFORD 28348-9 Grams. VALVE, BRADFORD 
LONDON OFFICE: 165 Great Dover Street, London, S.E.1 Tel. HOP 3100 














CONTROL November 1960 Circle No 24 on reply card for further details 25 


The future 


Rea 


printed circuits 


Industry stands on the threshold of 
a new era, with progress in 
electronics and nucleonics opening 
up limitless possibilities of process 
operation and production control. 
To the designers and manu- 
facturers of the essential equipment, Bribond offers 
specialised production of printed circuits for any form 
of component assembly. 
As pioneers of plastic lamination and experimental 
research in precision circuit printing, Bribond now have 
many advantages which linked to modern line production 
methods result in unsurpassed delivery service and 
reliability. Further, the Bribond prototype department 


can produce the initial circuit from which final production 


can be planned, within 48 hours or less if a clean circuit 
image is supplied for reproduction. 

Bribond manufacture all forms of the printed circuit: 
gold, silver or rhodium plating, double-sided circuits, 
flexible circuits, flush circuits, resistance and magnetic 
circuits. Component notation, chemical milling and all 
forms of subsequent machining operations can be 
undertaken. 

Your enquiries are invited. Your circuit problems, 
too, are welcomed especially if they pose a challenge 
that may call for the use of special techniques for their 
solution. Bribond offer design 

and drawing office facilities. 

Full details and samples are avail- 


able on request. 


BIRIBONID eainteo circuits 


BRIBOND LTD., BURGESS HILL, 


Circle No 25 on reply card for further details 


for Radio, Telecommunications, Electronics, Nucleonics 


SUSSEX Telephone: Burgess Hill 
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AEL INSTRUMENTATION 
——__—"_ INFORM ATION SER VICE 


™ 


Te RST BELLOWS FLOW Rie 
‘WITH DIRECT FLOW INDICATOR; 


ty 








%& 












“© my 


Qe 
8 i 
ee eer ee 
























AEI/Barton bellows flow meters can now be 
supplied with pneumatic motion transmitter 
containing a direct flow indicator which is 
completely independent of air supply. The poin- 
ter is mechanically linked to the torque tube. 
AEl/Barton flow meters, which employ the 
original and world-accepted Barton double- 
bellows system, once again lead with this 
valuable safety feature. 

With ranges from 0-25” w.g. up to 0.40 p.s.i., 
static pressures up to 6,000 p.s.i., a sensitivity 
of 0.02% of full scale and linearity within 0.5% 
of full range, the AEI/Barton flow meter can 
out-perform any comparable instrument. AND 
list price for the instrument illustrated is from 
£98 (100% stainless steel body at little extra 
cost). 





Oe ee 
r Please send me a copy of Publication 1112 giving specification of the 5 
a AEI/Barton flow meter range. 


I lhe flip tigre Lila tances cerita takannilllncties | 


Hc: soci eel: sinecadien ehinseieaiailcmai iceest ates as 


instrumentation Division 
P.O. Box1: Harlow: Essex: Tel: Harlow 25271 
Associated Electrical industries Limited 
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COMPLEMENTARY TO THE RECENTLY INTRODUCED KDP.10 DATA PROCESSING SYSTEM 


Unique system cuts costs 
EXTREME SPEED of computing to 
new level of economy 


Some will consider its most spectacular achievements to 
be its fantastic speed and revolutionary advances in 
programming technique. 


Others will be impressed by its reliability, expand- 
ability and flexibility. 
All will applaud its outstanding economy in 
equipment and operation. 


Existing programming languages can be 

translated by KDF 9 without loss of efficiency. 

A wide range of peripheral equipment provides 

| oS the utmost flexibility. Fully transistorised, KDF 9 
ECONOMY OF OPERATION | reduces space, cooling and power requirements to 
~ the absolute minimum. Modular construction provides 
? expandability. Careful engineering ensures reliability. 

¥ “ENGLISH ELECTRIC’ were pioneers in the computer field 

and are themselves amongst the largest users of computers. 


ENGLISH ELECTRIC 


data processing systems 


SIMPLE PROGRAMMING 


THE ENGLISH ELECTRIC Company Limited, ENGLISH ELECTRIC House STRAND, LONDON, W.C.2 
Data Processing and Control Systems Division, Kidsgrove, Stoke-on-Trent, Staffs. Telephone : Kidsgrove 2141/3 
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the day they threw the pencils away at Northrop 


The Northrop Corporation's Norair Division had a common 
and very costly bottleneck : internal paperwork. 


The solution? Automated data preparation by means of a 
Friden Collectadata System. Located in key plant locations, 
Collectadata transmitters report virtually all internal transac- 
tions-about 45,000 daily-to central Collectadata receivers 
which record them into punched paper tape. At day's end, the 
Collectadata tapes are fed into Norair’s electronic computer 
for high speed data processing. 


Northrop estimates that this completely automated system will 


eliminate two truck-loads of paperwork annually. How much 
could Collectadata save you ? Call Bulmers, and find out. 


Sees Bulmers (Calculators) Limited, Empire House, 


BUSINESS MACHINES Ot. Martins—le—Grand, London, E.C.1. MONarch 7994. 
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Amphenol Research and Development 
Programmes, here and in the B.A. 
th f t ensure that the growing complexity of 
with e is ure electronic equipment, accompanied by 
environmental stresses to a degree un- 
dreamed of not so many years ago, are 
matched by advances in connector design 
and reliability. The experience of more 
of electronics than 25 years and many of the develop- 
ments originating in high level research, 
for military requirements for example, are 
incorporated in the Amphenol Connectors 
now at the service of Industry. 


miniature connectors 


Rigid test schedules far beyond likely 
operating conditions help to ensure the 
complete reliability of Kinshenol Con- 
nectors. MinniE multi-contact, quick 
disconnect bayonet lock connectors are, 
for example, tested for altitude-moisture 
resistance by submersion in salt water, and 
altitude cycling to 80,000 feet, to 65 ,OOO 
feet and then returned to sea-level 
pressure. They are available as Plugs, 
Cable and Panel receptacles and Single 
Hole mounting receptacles in four con- 
structions, five shell sizes and seventeen 
insert arrangements. 


We can supply miniature co-axial connect- 
ors, co-axial changeover switches (hand or 
relay operated) and micro-potentiometers 
manufactured by our R. F. Connector 
and Borg Divisions. 

We will also be pleased to quote for com- 
plete cable assemblies, using Amphenol 
Connectors, including “‘Potted”’ versions. 


...the greatest name...the widest range 
AMPHENOL-—-BORG LIMITED 
AMPHENOL ELECTRONICS DIVISION 
Victoria Road, Burgess Hill, Sussex. Telephone: Burgess Hill 85616 


AMPHENOL-BORG ELECTRONICS CORP. CHIGAGO U.S.A. AMPHENOL CANADA LTD. TORONTO 9 ONTARIO. 
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COMPACT COOLNESS 


In a sense it’s an optical illusion. A magnetron valve cooler made by 
Marston sits snug in the palm of the hand—but, thanks to the ingenious 
corrugations of the secondary surface heat-exchanger, it presents two- 
and-a-half square feet of surface area. This is just one instance of the 
compact coolness Marston offers the electronics industry. Marston 
heat-exchangers, whether air- or liquid-cooled, are designed specific- 
ally for preserving component life and efficiency and reducing the drift 
of transistor characteristics. Don’t design round these problems: 


Marston can help you overcome them. 


MARSTON EXCELSIOR 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND 


MAR 265 
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AVO INSTRUMENTATION 


AVQ© instruments are in 
Paeemterch tat use al 


many oil refineries 


D.C. Amplifiers 

Radiation Monitors 

Valve Voltmeters 
Multi-range Testmeters 
Valve Testers 

and other electronic 

and nucleonic instruments 


PAW AD LYD 


A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES 
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LOOKING FOR FLUIDS—with exceptional thermal stability—fiuids that are water-repelient 
and retain good dielectric characteristics over a wide range of temperatures — that 
resist oxidation—have low volatility and show little change in viscosity with temperature 
~—are ideally suitable for use in damping mechanisms—as heat transfer media—and for use 
in hydraulic, springing and coupling devices—GET THEM FROM MIDLAND SILICONES. 


Remember—Midiand Silicones Ltd have consistently set the pace for British progress 
in this fast developing field. Remember, too, that- while silicones cost more initially—this 
extra outlay is more than offset in terms of greater efficiency and long term economy. 


MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Lid and Dow Corning Corporation) 
first in British Silicones 
68 KNIGHTSBRIDGE - LONDON - SW1 - TEL: KNIGHTSBRIDGE 7801 
Area Sales Offices: Birmingham - Glasgow - Leeds London- Manchester - Agents in many countries 
@®eeeseeoeeseeeeeeeeeeeeeeeeeee& 
NAME 
COMPANY _ 


ADDRESS _... 


o 
. 
+. 
~ 
” 
a 
* 
I 
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HIGH SENSITIVITY 
LOW COST 
WIDE VERSATILITY 







with the 






VALVE VOLTMETER 


'Y Advance 


The Advance Advac has all the qualities required 
in a first-class laboratory tool. An extremely 
sensitive a.c. valve voltmeter, it also functions as 
a wide range amplifier or as a null detector and 
indicator. Compact and of robust construction, the 
Advac is an outstanding product of Advance skill 
and experience in the world of instrumentation. 


A.C. 













EXTREME SENSITIVITY 
WIDE VOLTAGE RANGE 
WIDE FREQUENCY RANGE | 15c/s to 4:5 Mc/s 
AMPLIFIER RANGE | 10c/s to 10 Mc/s 

AMPLIFIER GAIN | 60 dB in 10 dB steps 
AMPLIFIER OUTPUT 


accurate down to 100 .V 
ImvV to 300V F.S.D. 




























1V max 


















SIZE 

43” X 74” X 63” £50 

WEIGHT nett price in U.K. 

7s VM77 including very low capacity screened leads and probe 
TYPE 





Leaflet No. GF101 available on request 










Advance COMPONENTS LIMITED 


a ee ee INSTRUMENTS DIVISION jel ee 
ROEBUCK ROAD « HAINAULT « ILFORD » ESSEX * TELEPHONE ! HAINAULT 4444 






IT/Ea 
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GOODMANS 


% 


Whatever the problem 

.. whether fatigue, torsional or 
structural investigation 

-. consult 


GOODMANS INDUSTRIES LIMITED, AXIOM 
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PEAK THRUS r 


VG 108 MKT1 
VIBRATION GENERATOR 


The VG. 108 MK II, available as a 
trunnion mounted Vibrator, presents a 
good compromise in a very broad field 
of Test requirements. Although this 
machine takes up a relatively small floor 
area, it retains sufficient weight to 
enable a high foundation mass to thrust 
ratio to be maintained. In performance 
the first structural resonance (unloaded 
condition) appears at approximately 
2kc/s but under ‘load’ conditions sub- 
sequent damping enables the vibrator 
to be used to beyond 7kc/s. The full 
detailed specification is available on 
request. 


Illustrated left, is a PA 20KVA Power 
Amplifier; and above, the E501 ‘g’ Control 
Amplifier. 


(on Ot OF 8). ©. Oy b— me the vibration specialists 


WORKS, WEMBLEY, MIDDLESEX, ENGLAND = WEMBLEY 1200 (8 lines) Cables: Goodaxiom, Wembley, England 
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TELESIG Screw Pumps are positive 
displacement pumps. Simply constructed, 

they offer exceptional performance and long life. 
TELESIG pumps effect delivery by means 

of three parallel screws engaging each other, 
the power-driven central screw driving 

the two side screws. They may be run at high 
speed thereby reducing motor sizes 

and installation costs. 


Ld 


TELESIG Screw Pumps offer the following advantages: 
Self priming. . 
Delivery free from pressure pulsation. 

High working speed — small size. 
Near-silent operation. 
Simple construction. 


Minimum maintenance and easy replacement 
of working parts. 


@ Long life. 


TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


syity Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 


an associate company of Wilmot Breeden Ltd. 
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TMC 





Versatile range with 
extensive applications 


@ Offering utmost 
reliability 


@ In some cases 
extremely compact 






TMC Elmeg Counters are as near perfect as 
they can be made by the human skills of 
technical experts with years of experience 
and the most advanced equipment at their 
disposal. As a range, they are exceptionally 
versatile—offering a choice which should 
match up to even the most remote require- 


The number of applications 
for which TMC Elmeg Coun- 
ters can be used to-advantage 
are far too many to list in 
detail. The following will 
act as a general guide: 









* Inconjunction with proxi- 







; Se mity switches or photocell 
ments. Available in “Print-Out” and “Read- [7 \ ee” 7 equipment on production 
Out”’ form, they have fast operating speeds of ED An ome hours printout counter for flow lines. 

up to 40 per second. They operate on up to % In factory statistical 

240 Volts, with uni-directional or bi-directional equipment. 


motions. Re-setting to zero by electrical, 
mechanical or electro-mechanical methods. 
There are auxiliary contacts operating on 
each revolution of a numbered wheel. The 
range includes counters for flush panel mount- 
ing and surface mounting. No special servicing 
is required. 


_%& In-factory process control 


* In computers and office 
accounting machines. 














You can register up to 
9,999,999 on 
TMC Elmeg Counters 





PZ5e1R—5-digit counter with electrical and 
mechanical reset. 


Write now for further information 


mu coe 





TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay DivisionC Hollingsworth Works - London SE21 
Telephone: GiPsy Hill 2211 
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* No larger than the average 
cuff-link 


tees % New mechanism has mechanical life 
of at least 10 million operations 
mC 


B lJ aie at % Three types of solder terminals available 


\-4 * Comprehensive range of auxiliary actuators 


BURGESS MICRO SWITCHES 


BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low Fell 75322. Telex: 53-229 London Office: 127 Victoria Street, SW1. Telephone: TATe Gallery 0251 Telex: 25601 
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PAINTON 
PLUGS AND SOCKETS 


The versatility and ease of 


ee assembly of the MULTICON 
ae Range of Plugs and Sockets 
ne 


mean they are universally speci- 
fied by Engineers and Designers 
when multiway connectors of 
complete reliability are 
required. Sizes from 2 to 33 way 
are available fitted with 
mounting brackets or covers. 
Locking devices and earth tags 
are available throughout the 
range. 

Current Rating: 5amps. Working 
Voltage: 1,000 volts. Average 
Contact Resistance : 0.002 ohms. 


Write for MULTICON Catalcgue Ps1/1* 


Ke tev itermation on the 
Heavy Duley MULTICON and 
Printed Crreutt ranges 
ar the same time 


~ 


Painton & Co. Ltd. 


KINGSTHORPE + NORTHAMPTON 
Tel: 34251 (10 tines) - Grams: ‘Cell Northampton’ 


Telex 31576 
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All Liquids and Gases can 

be positively controlled 

by an Alcon Solenoid or 
Aco Air-Operated Valve. Sizes 
from }” B.S.P. to 8” Bore. Pressures 
up to 1,500 p.s.i. Temperatures up 
to 300°C. Body materials to suit all 
media including corrosive acids, with 
Standard, Weatherproof or Buxton 
Certified Flameproof Solenoid Hous- 
ings. Glandless, Fluon Glands or 
Stainless Steel Bellows Glands. 


AIR-OPERATED Type AOD 
—Heavy duty air operated units individu- 
ally designed for contro! applications 
beyond capabilities of Solenoid types. For 
pressures up to 1,500 ps.i. Sizes 4” 
B.S.P.—8” Bore. 


SPC.3—Three-way valves for 
electro-pneumatic control systems. Sizes 


up to 4” BS.P. for use with air up to 
150 p.s.i. 


MIDGET Type ACO—Sizes 
up to }” BS.P., used for contro! of air, 
gases, water, oil at pressures up to 300 
p.s.i. Single way—Reverse acting—Three- 
way types available. 


ACH—Hand Reset type, clos- 
ing automatically on current failure, for 
low and medium pressures. Sizes from }” 
B.S.P. to 6” Bore. Inexpensive, simple 
construction, reliable in operation. Also 
available type ACHL. Lever operated for 

use with steam, hot 
water and pre-heated 
fuel oils. 


*Phone : SUTton Coldfield 5227-8-9 


ALEXANDER CONTROLS LTD., REDDICAP HILL, SUTTON COLDFIELD, WARWICKSHIRE 
A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 
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In the Paint, Trim and Assembly 
Building recently completed at 
Dagenham, Ford created the most 
modern plant of its kind in the 
world. Pye were proud to supply 
the pH equipment which was 
specified. 


Efficient pH measurement and control is improving quality, cutting costs and reducing manhours in 
factories all over the world. In highly specialised industries, which often rely on traditional process 
methods, chemists and engineers have realised that their problems too can be simplified by pH control. 
At Pye, an Applications Department exists solely to help customers with their instrumentation problems. 
This Department can advise on the suitability of pH Measurement and can specify or, if necessary, 
engineer complete pH control methods. You are invited to make full use of this new service to industry. 


Please write for pH Application Sheets and leaflets describing Industrial pH Equipment. 


W. G. PYE & CO. LTD. 


J 
SCIENTIFIC(® EDaiais GRANTA WORKS, P.0. BOX 60, CAMBRIDGE, ENGLAND 
i Tel: Cambridge 54411 Grams: Pye, Cambridge 
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or) dynamic measuring systems 


Pressure Transducers are suitable for measuring high frequency 
pressure variations in a wide range of fluids at temperatures up to 200°C. ‘ 


a g B Direct Writing Galvanometer Recorders present a visible and measurable 
record of up to 36 signal channels within seconds of the event. 
The range of interchangeable galvanometers includes units for use at 


5000 cycles per second to units sensitive enough to work directly from 
strain gauges and thermocouples. 





Carrier Amplifiers and Detectors provide a simple method of amplifying 
low level signals from resistance strain gauge and inductance type transducers. 








5 A B Experience is at your service. We can supply the individual components i 
or design and construct the complete system. 





: « NEP Pressure Transducers, Multichannel Carrier Amplifier and Direct Writing Galvanometer Recorder being used 
a for the determination of transient-pressure changes in complex engine exhaust systems at the 
Department of Mechanical Engineering, University of Liverpool. 


New Electronic Products Ltd 


MAKERS OF SCIENTIFIC MEDICAL AND INDUSTRIAL INSTRUMENTS 


Suppliers of recording instruments and systems to the aircraft and G.W. industries, 
Government establishments, Admiralty, etc., A.I.D. approved 





Head office and works: 360 Kennington Road London SE11 RELiance 5161 
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Pratt Hand Operated 

Air Control Units Type V.6 
Fitted with Oil Mist 
Lubricator 


Pratt Hand Operated 
Control Valve Type V.2 


This unit combines a hand operated control valve, dial pressure 
gauge and pressure reducing valve in one neat, compact and efficient 
assembly. The design of the valving mechanism is such that extremely 
long life and finger light operation is guaranteed. The valve disc is fully- 
floating and consequently any tilt of the operating shaft due to wear 
over a long period of time does not affect the efficient working of the 
valve. Essential working parts are non-ferrous to ensure freedom from 
corrosion due to moisture in the air line. Tapped holes are provided in 
the rear of the body for fixing. Removal of the pressure gauge will 
expose bolt holes for front fixing if required. Standard port size }” B.S.P. 


Famous for porktolding for 100 Year: 


Pratt Control Units cover a wide range of applications in the Pneumatic 
field. We shall be pleased to send you full details on request. 
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ELECTRICAL 


CONNECTORS 


THORN AN SERIES 


The Thorn AN series of electrical connectors includes solid shell/ 
general purpose, pressurised and environmental resisting ranges. By 
specifying Thorn, designers are assured of a genuine AN connector for 


their installations . . . a connector designed strictly to the current 
MIL specifications. 


Note these outstanding design and operating features. 
* Die-cast aluminium alloy shells cadmium plated for corrosion resistance. 


* Resilient insert eliminates shrinkage problems and ensures superior 
electrical performance through high arc resistance, high dielectric 
strength and low moisture absorption. 


* Thorn grommet increases flash-over and creepage distances, excludes 
dirt and moisture. 


* Pressurised, water-tight, radio-quiet assembly. 
* Maximum performance, minimum weight. 


THORN PYGMY PT SERIES 


A new range of miniature connectors that satisfy the requirements of 
R.C.S. 321 (Category 40/100, class H.2 sealed items). Thorn Pygmy 
connectors are ideal for applications where space is limited and weight 
represents a critical factor of the installation. 


* Heavy gold plating over silver on all contacts. 


* Performance unimpaired over a continuous temperature range from 
—40° to +100°C. 


# Visual and audible inspection of coupling—perfect for “blind” locations. 


* Three-point bayonet lock; perfect axial alignment of mating parts at 
all times. 


* Five-key polarisation—positive protection against mis-mating or cross 
plugging. 


* Miniaturised—light weight—compact. 


THORN ELECTRICAL INDUSTRIES LTD SPECIAL PRODUCTS DIVISION (incorporating Components and Connectors) 
GREAT CAMBRIDGE ROAD ENFIELD MIDDLESEX TEL: ENFIELD 5353 
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Experimental Batch Furnace 
fully instrumented 


B.1.8.R.A. begin a new chapter 
in research with their new 
experimental forge furnace. 
It will give the steel industry 
the answers to many 


long-standing questionson furnace 


design, operation and contre] 


The Energy Section of B.I.S.R.A. is now studying 
how to improve efficiency in batch type heating 
processes. And Honeywell Instrumentation is 
helping to write up the essential facts and figures 
—programming the heating cycles, too. 


MULTI-RECORDING. Four ElectroniK 12-point 
Recorder/Controllers continuously record the 
data from more than 100 thermocouples dispersed 
in the walls, chamber, flues, air ducts, recupe- 
rator, stack of the new experimental forge fur- 
nace, and in the 3-ton ingot. 


PROGRAMME CONTROLLING. A master tem- 
perature Controller sets the heating cycle and 


I am interested in applying Honeywell Instruments to 


Sich datealabmihitin a citigen (state application) 
Please send me technical information [] 


Please ask your engineer to call CT 
(tick where applicable) 


Position __.. 


Company .. 


_— YF 


| 
| 
| 
| 
Name en plipiniaaaiaas | 
| 
| 
| 
| 
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governs secondary controllers for fuel flow. At 
the same time, other Honeywell instruments keep 
a critical eye on furnace pressure, or help the 
analysis of flue gases. 


BIOGRAPHICAL NOTE. Similar instruments 
are used throughout B.1.8.R.A’s laboratories. 
Versatile, accurate, they are adaptable to pure 
research, pilot plant operation and to process 
control on the largest scale. In every application 
they are made doubly valuable by the design, 
engineering and maintenance service they carry 
with them from Honeywell Head Office or from 


branches in the principal towns and cities in 
the United Kingdom. 


WRITE OR SEND THE COUPON TODAY to: 
Honeywell Controls Limited, Ruislip Road East, 
Greenford, Middlesex. Waxlow 2333 


Honeywell 


- 
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TRANSISTOR Converters and Inverters 


for fluorescent lighting and general applications. 
The range of operating voltages, powers and frequencies 
is under steady development. 


Inverters for fluorescent lighting from 12 volt d.c. supplies cover the 
range from a single 6” tube to six 24” tubes or equivalent. 


Inverters for 12v. d.c. to 50 c/s or 400 c/s a.c. up to 100 W. 


Constant frequency and locked frequency inverters for camera 
and tape recorder operation. 


Inverter-rectifier systems for d.c. to a.c. conversion, 


TRANSISTOR Controller 


Magnetic amplifier intermediate stage, saturable reactor 


power stage. A temperature controller for use with a platinum 


resistance thermometer to provide power control TELECOMMUNICATIONS 


up to 60 KW 3-phase. No mechanical switches. UGS ~ LR ave * Cae 
FUSE MOUNTINGS - AMPLIFIERS 
CONTROL PANELS - MOULDINGS 
COUNTERS - PLUNGER SWITCHES 
MAGNETIC AMPLIFIERS - RELAYS 
SATURABLE REACTORS * JACKS 

TRANSFORMERS - INSTRUMENTS 
THE PHOENIX TELEPHONE AND ELECTRIC WORKS LIMITED, 
THE HYDE, LONDON, N.W.9. Telephone COLINDALE 7243  ™nsiston mventens ~ seus 


PROTECTORS * WIRES - BUZZERS 


Constant current characteristic for platinum furnaces. 
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British Railways select 


* PELAPONE CONTROL and rotating plant 


for new signal power supplies 


Determined to enhance their proud tradition of 
safety, reliability and continuous service, 
British Railways are pressing ahead with their 


intensive modernisation programme. 


This includes the installation of completely new signal power supply systems 


at Manchester and Crewe. 


The choice of control equipment and rotating plant for these vital main line centres was PELAPONE— the equipment 


with the dependable high performance British Railways—and British Industry—demands. 


PELAPONE LIMITED 
PE LAPONE SALES DIVISION: 38/40 Bruton Street, London, W.|I. 
WORKS : P.O. BOX 4, DERBY. 
. 
Controlled Powor—-Contimueuk Powe 
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Knowing how important speed is to the designer this Company provides a 
special service in which speed is the keynote. There is a B. & R. department equipped 
to produce one off or small quantities for customers’ prototype equipment. Please 
let us have details of your requirement. 


Why not write and ask about it: or telephone Harlow 25231. 


& ona 


B. &@ RR. RELAYS > TEMPLE FIELDS > HARLOW: ESSEX 
Telephone: Harlow 25231/4 Member of the Gas Purification Group. 
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Teleflex Industrial Actuators solve many problems 
in the control of heavy loads. 

Remotely — electro-mechanically — simply 

— economically — accurately. 


Telefiex actuators for industrial remote control 


Suitable for operating equipment which is normally inaccessible (valves, dampers etc). 


TELEFLEX PRODUCTS LIMITED BASILDON ESSEX 
Telephone: Basildon 22861 
Grams: TELEFLEX PHONE BASILDON 
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in Instrumentation 


AIRMEC LIMITED 
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HIGH STABILITY 


Even when the highest sensitiv- 
ity is in use, mains voltage 
variations over the range 180- 
260 volts and _ temperature 
changes of 20° can be tolerated 
without significant change of 
operating point. This means that 
once the equipment has been 
initially set up it will need no 
further attention. 


RELIABILITY 


A transistorised printed circuit is 
employed for its high reliability. 
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HIGH WYCOMBE BUCKS 
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MAINS OR BATTERIES 


Either a mains power unit or a 
battery unit is fitted to order. 
Under maximum current con- 
ditions the battery life is in ex- 
cess of 200 hours, at 4 hours 
per day, but in many applica- 
tions the battery life may well 
be extended to the shelf life. 


EXCEPTIONAL 
SENSITIVITY 


Its sensitivity is such that it will 
detect a capacity change of 0.05 
micro-microfarad, representing 
a movement of the order of 
tenths of thousands of an inch 
under suitable conditions, 


The Proximity Detector Type N266 is a 


control unit housed in a robust cast 


ASK FOR LEAFLET 199A 


PROXIMITY DETECTOR 


TYPE N266 


capacity-operated switch with a wide range 
of application in the fields of measurement 
and control. It is operated by any 

physical variable appearing as a small 


movement. The equipment consists of a 


light-alloy industrial case, sealed against the 
ingress of dust and moisture, together with 

a sensing probe. The probe, which 
contains no electronic components and is 
therefore unaffected by heat or rough 
treatment, may be fitted with a cover for 


use in liquids or corrosive atmospheres. 


PROBES 


A variety of probes (fixed or 
remote) are available for a wide 
range of applications. 


WIDE APPLICATIONS 


Level control and counting, 
sorting, grading, gauging, limit 
switching and any application 
involving the detection of small 
variations in the position or 
nature of both conductors and 
insulators. 






Telephone : HIGH WYCOMBE 2501/7 
SAAT Ss ARRAS TS SSS INAH SSSNEShhtocthcinmypmnnehensnr 
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This is a PYE 


Slash maintenance costs. 

Eliminate special precautions 

against overloads. 

Give you local or remote control 
TORQUE AND SPEED CONTROL positively, simply and precisely. 

A TASC master (Torque) gives you 

full control between zero and rated 

torque. 


TAS Chunit 


TORQUE AND SPEED CONTROL 


A TASC master (speed) gives you a 
20:1 speed range with good regula- 
tion, a smooth and fast take up and 
no cogging. With full torque avail- 
able over the entire speed range. 
A TASC master (special) can be 
devised to give you 50:1 speed 
range. 


STATIONARY MAGNE TISING MAGNETIC FIELD 
FIXED STRUCTURE 


this is 
what the 


The TASC unit is a new application of the Faraday The TASC Unit is unaffected by stall-down on output 
disc principle. no sliprings or brushes—low output inertia—no out- 
It consists of two independently rotating members of-balance forces—sealed bearings—sizes from 1/4 
magnetically linked by the field from a fixed coil. The to 10 h.p. 

transmitted torque is prepectonst to the coil current. 

It is thus an inherently controlled torque device. 


Find out more about the {TAS Cunt 


This coupon with your company letterhead will bring you full technical 
details and a demonstration at your works if you require it. rahe kel: 


AND SPEED CONTROL | 


PYE ELECTRIC LTD. (LOWESTOFT DIVISION) 
| COMPANY OULTON WORKS, LOWESTOFT, ENGLAND 
A ADDRESS Telephone: Lowestoft 1900 Telegrams: Pylec Lowestoft 


tg i 
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germanium junction 
photo-electric cells 


TYPE PG40B 


En ee eS a Ree eR 


for punched card and punched 
tape scanning applications 


The result of manufacturing development 
work on the type PG40A, this cell consists 
of a germanium element with p-n junction 
parallel to the largest face. The overall 
diameter is only 0.080” and this reduction 
in size offers greater facility for mass 
grouping where the devices are used for 
scanning punched card and perforated 
tape. 


TYPE PG5OA 


Rens ne 
ee 


for machine tool control and 
industrial counting applications 


Characterized by small size and large out- 
put. This type has an impedance and 
output characteristic which enables it to 
be used with both relays and valve 
circuits. The cell consists of a germanium 
element with a p-n junction parallel to 
the largest face. 


Full electrical and spectral characteristics are given in 
Technical Data Sheets obtainable from:— 


comonenre| Dlandard Telephones and Cables Limited 


GROUP Registered Office: Connaught House, Aldwych, London, W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY : HARLOW. ESSEX 
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MINIATURE PLUG-IN RELAYS 
British made... 
for long life 


and perfect contact. 


Features: 


* Size: 
Type V.P.2. 0-75’x0-96" Panel height 1-175’ (with socket 1-35”) 
Type V.P.4. 0°75’x 1-18" Panel height 1-175” (with socket 1-35”) 


*2or4 pole changeover * Operating voltages : 6-138v D.C. 
* Operating times: 3} to 7} milleseconds 


REGD. TRADE MARK 


* Operating life: in excess of 10’ operations 


* Contact ratings: 1 amp at 100v. Maximum watts :30w al if rs t T re it 0 t) eg if 


* Contact material: fine silver. Other contact materials 


will be available at a later date if es y, } S 


* Plug-in and fitted with dust cover. 


g r Ls hl 
bake eT Tee i i TTT ee aay), eee tt tit) te a 
ede eee td ed td 


at 


For further information write :— EOL G U A RA N T E E D 


OLIVER PELL CONTROL LTD. | EX-STOCK 


Cambridge Row, Burrage Rd., Woolwich, S.E.18 
Telephone: Woolwich 1422 (7 lines) Telegrams: Olipel, London, S.E.18 DELIVERY 


TA 4232 
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EXPERIENCE. Electronic Associates Ltd., who manufacture PACE in 
Great Britain, are an associate company of Electronic Associates Inc., 
. . f the world’s leading producers of Analogue Computers for over 8 years. 
2 RANGE. Systems range in size from 5 to over 500 amplifiers, covering 
Computers ? all requirements for both linear and non-linear elements, input and 
output equipment. 


If nsider 
so, cons de ECONOMY. The large output of over 300 systems each year enables 


the makers to keep down costs and at the same time maintain the 
highest standards of quality. 


the advantages 


offered PERFORMANCE. Ever since 1954 PACE have standardised 0.01% 


linear and non-linear components to ensure both quality and reliability. 





SERVICE. A computer centre is in operation at Burgess Hill. E.A.L. 
train users’ own personnel in operation and maintenance. Technicians 
are always available for consultation or advice, and a comprehensive 


before and after sales service is maintained. 





(S 


May we send you details, or call and discuss your requirements? 


.. 











MANUFACTURERS ° 





TD - 
ELECTRONIC ASSOCIATES LIMITED 


A subsidiary of Electronic Associates Inc. Head Office & Factory: Burgess Hill, Sussex. Telex: 8750 Telephone: 2636 
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TYPE Ri 
-REDUCING 
VALVES 


A high-grade range for 


small-bore services 


These valves are of direct-acting spring-and-diaphragm 
type, suitable for small diameter lines on liquid, steam, 


air, or gas service. Though of simple, robust character, 


they are much more fully considered in design, con- 
struction, and range of application than is usual in 
valves of this class. 

Accurately known characteristics, plus a wide choice of 
interchangeable control springs and trim types and 
sizes, ensure correct matching to conditions and pre- 
dictable quality of control. Once adjusted for service, 
these valves will give dependable operation over long 


periods without further attention. 


BODY 3’, 4”, }” and 1”. Cast iron, bronze or steel. 


TRIM Metal-to-metal (flat or needle stopper), or 
fluon soft-faced (renewable). 


DIAPHRAGM Neoprene (nylon re-inforced), or 
metal. 


MAX. INLET PRESSURE Up to 1200 psig., 
according to material, service temperature, and 
trim size. 


MAX. REDUCTION RATIO Up to 500 to 1, 
according to flow capacity required. 


MIN. REDUCTION RATIO 1:2 to 1. 


MAX. TEMPERATURE Up to 600°F., ac- 
cording to materials. 


For full specification 

and performance data, see 
Publication No. 228B, 

free on request. 


PRP: W Ge RP aUn ent pe 


J. BLAKEBOROUGH & SONS LTD: BRIGHOUSE: ENGLAND 
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E6Q D.C. 
Pre-Amplifier 


Are your strains determined ? 


Using bonded or unbonded strain gauges, this unit, part of 
our modular system, is offered in self contained form. 

It consists of a Drift Corrected D.C. Pre-Amplifier and 
Bridge Panel, this unit offers Flat Frequency Responses to 
20 Kes., Amplification Factors of 250, 50 and 10, and employs 
gauges having a resistance upwards of 1000 ohms connected 
singly, paired or as four arm bridges. 


SOUTHERN INSTRUMENTS LIMITED CAMBERLEY SURREY 
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We are most interested in your work 


on Cybernetics, Dr. Philip... 


Control has many eminent contributors whose authoritative 


articles are read throughout the world. 


The magazine has also a staff of highly qualified engineer- 
journalists whose job it is to report, evaluate, and assess 


current work in an objective way. 


The distinction between these two kinds of writing is vital 
rather than subtle. An engineer or scientist reporting his 
own work ii consultation with his colleagues —is bound 
to have a viewpoint different from that of a journalist 


reporting his assessment of the sum total of all their work. 


That Control provides both types of account of a wide 
range of specialized activities is one of the important reasons 
why serious students* of contemporary work make sure 
they have their own personal copies for detailed study. 

** Students’ is used in a general sense here, of course. But university and other students 


taking courses in electronics and allied subjects are invited to apply for details of the 
conditions in which they can subscribe to Control at special rates. 
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There isn’t a production plant 
anywhere that couldn’t be 


made (or hasn't been made) 
Photo-electric relay type Q.56 
Uses include:—on-off switching; automatic :, : 
Sees acide on ot emtching: automatic ~—-s more efficient, more economical 
control; process control; height gauge; limit 
switch; loop control; warning device; paper 


breakage indicators; alarms, etc. etc. by the use of 
Radiovisor Photo-electric 


and Electronic Controls 


* P.E. is photo-electric 


“Motoload” relay It costs nothing to consult us— 

Many factors can be measured or guarded 

against by keeping a check on the current of We have over thirty years’ experience 
a driving motor. The Relay senses the torque 
of a driving motor and responding imme- 
diately to load variations, switches off the 
motor, indicates the variations or performs 
some other desired operation. 


Pe eT 


MAKERS OF THE MOST COMPREHENSIVE RANGE 
OF PHOTO-ELECTRIC CONTROLS IN THE WORLD 


Radiovisor photo-electric and electronic controls include: 


Flamestat Flame Failure Control + Smoke Detector Fire Alarm 
Sequence Control - Counting and Batching Unit - Invisible Ray 
Burglar Alarm * Turbidity Equipment + Hopper and Bunker level 
Control + Print Registration + Photo-electric Safety Guard + Factory 
Conti ates wa to 20900 per minute can‘ Wighting Control + Automatic Radiation Pyrostat + Automatic 
be recorded and batching units divert suc- Door Opening + Industrial Smoke Density Indicator and Alarm 


ceeding articles after a chosen number has 
passed through the light beam. Resistance Welding Control 


RADIOVISOR PARENT LIMITED, Stanhope Works, High Path, London, S.W.19 
Telephone: CHErrywood 3351 Telegrams: Radivisor, London, S.W.19 
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PHILIPS 


G 


CONTROL November 


ACTUAL SIZE 


PHILIPS 
miniature recorder 


for mV and temperature measurements 


Type PR 2400 A 


@ Reliable null-balancing potentiometer system. 

@ Easily interchangeable ranges. 

@ Transistorized plug-in amplifier with printed wiring. 

@ Unique chart-winding system. 

@ High indicating-speed and critical damping. 

@ Scale calibration for mV and all conventional thermocouples. 
@ Completely mains operated. 


Sole distributors for the U.K.: 
Research & Control Instruments Ltd, Instrument House, 207/215, King's Cross Road, London WC1 
Overseas inquiries: N.V. PHILIPS’ GLOEILAMPENFABRIEKEN - EINDHOVEN - HOLLAND 
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A Top Quality RAK... 


REE AAR: HCE NIN LE 


| 
| 
| 


inti ie nila aan 


At Rock Bottom PRICE ! 


6 feet Multi-Bay IMRAK at £27.1.8 per bay. And there is 
a Quantity Discount reduction to £25.9.2 each by the 100. 


Complete six-bay rak as illustrated with hinged and quick re- 


lease rear doors and detachable side panels —only £169.0.11. 


IMHOFS 


Fitted with strong yet elegant side doors on ‘lift-off’ con- 


cealed hinges—£174. 18.3. 


Imhofs new Imrak International Rak is a completely 
universal flexible rack system. It can carry British, American 
and Continental fixings. It packs flat for easy storage 
or transportation. There are five standard types, each 
made in four different heights and four different plan 
sizes—a choice of 80 different standard racks in this 


new series! There is a choice of normal front panels, 
one piece front panel or recessed front panels with removable 
door. Skilful design ensures an elegance of appearance 
that enhances but does not dominate the instruments. The 
standard hammertone finishes are ideal for reliability and 
long service; other finishes are available to special order. 


Alfred Imhof Ltd. Dept 011, Ashley Works Gowley Mill Road Uxbridge Middlesex England Uxbridge 37123 
London Showroom : 112-116 New Oxford Street London WC1 MUSeum 7878 


IMHOFS AGENTS OVERSEAS 
Algeria: £.G.E.E. Paris (19) 
Australia: Aladdin | 
Ltd, Stanmore NSW 
Beigium: Rogelec, Ghent 

2 Measurement Engineering 
Led, Arnprior 
Denmark 


hagen N " 


ustries (Pty) 


Tage Schouboe, Copen- 


Finland: 4 Scienta Ab, Helsinki 
France: £.G.E.E. Paris (19) 
Germany: Sunvic GMBH C3 
sotinnee- Gils 

Holland: j. Th. van Reijsen, Delft 
italy: Stuart Culley, Milan 

Mexico: Aluminio Arquitectonico 
S.A. Mexico D.F. 


Regier 


Lda, Lisbon 
South 
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Morocco: E.G.E.E, Paris (19) 
New Zealand: Imarex Ltd, Auckland 


Norway: Birger Christensen, Oslo 
Projectos 


Africa: Switchcraft (Pty) 
Limited, Johannesburg 


Sweden: Electroniund AB, Malmo C 
Switzerland: Walter Blum, Zurich 


2/39 
ia: E.G.E.E. Paris (19) 
arene Bud Radio Inc., Cleveland 3, 


Oh 
British Guiana: Davsons Caribbean 
Agencies Ltd, Georgetown 


e Construcoes 
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CONTROL PROBLEMS? 


FOR GAS, AIR, OIL AND LIQUIDS 


MINIATURE GAS 
PILOT VALVE 
Size §° B.S.P. 
For use on gas/air. 
| CONSTANT 
(’ FLOW VALVE 


for controlling flow 
of fuel fed by ring 
main systems. 


FUEL OIL VALVE— 
air operated 
Size 1°—4" B.S.P. 


3-WAY AIR VALVE 


OVERHEAD om ADMIRALTY pattern sas 
HEATER VALVE ize 3”, .S.P 
Size }°—?" B.S.P. 


KNOW THE 
PE eo cee 


on hydrogen at pressures 
up to 22,000 p.s.i 


Size 4", 3°, 2” B.S.P. 


FUEL OIL acy" 
Size {°—i° B 
Pressures up 3 "ans p.s.i.g. 


DIFFERENTIAL 
PRESSURE SWITCH 
AUTOMATIC CONTROLS LTD q: ; Pressure 300 Di, 


aq FLOW SWITCH 
wo Standard modei size 
pas }"'B.S.P.—}’ B.S.P. 
Other models i in sizes 
up co 14” 


FUEL OIL VALVE 
Size }"—}" B.S.P. High 
pressure, high viscosity 


SEND US 
YOUR ENQUIRIES 


Black Automatic Controls Ltd 


LEAFIELD. CORSHAM, WILTS. Tel Hawthorn 136 


A Member of the Ellhiott- Automaton Group Ey 
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Solid state electronics 
Solid reliability 


The 


COMPUTING 
COUNTER 
CONTROLLER 


| /TYPE SA.501A 


Using only ferrite core and transistor techniques in the counting circuits — 


The Racal type SA.501A is a unique fully transistorized Universal Counter Timer utilizing transistor/ferrite core 
techniques throughout. Ideally suited for industrial and laboratory applications alike, the instrument incorporates 


a fully variable digital time-base and in-line display. 


FEATURES 


% Frequency Measurement 0—110 Kc/s 
%* In-line Display 
%* Variable Digital Timebase 
%* Transistor/Ferrite Core Techniques 


% Operates Remote Readout or Digital Printer 


A modified version of the SA.501A is available designed specially as an Electronic Tachometer, for the direct 
measurement of engine speeds etc. This instrument, the Racal type SA.502 incorporates the above features in a 
compact portable, battery operated equipment. For further details on these instruments please write to:— 


RACAL INSTRUMENTS LIMITED 
Bracknell, Berkshire, England Telephone: Bracknell 941 Cables/Grams: Racal Bracknell Berks. 
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How to obtain high current 
constant voltage D.C. supplies? 














You could use cumbersome batteries, with their need 
for constant attention, but it is far simpler and certainly 
more reliable to use one of the new ‘Advance’ Constant Voltage 
D.C. Supply Units. This latest development in the application of = 

Constant Voltage Transformers can be used to provide various d.c. Se 
supplies up to quite high current levels, as used in computers and data 
processing equipment. We shall be pleased to arrange for one of our technical 
representatives to call and discuss your requirements. 






















These new D.C. Supply Units... . 


® Provide HIGH CURRENT OUTPUT AT LOW COST 

® Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 

® Have HIGH ENERGY RESERVOIR, thus are suitable for 
pulse, intermittent or variable loads 

® Operate with HIGH EFFICIENCY 













BSSSSSRE 


CONSTANT 
VOLTAGE 








D.c. POWER SUPPLIES 


Full technical details available in leaflet GB.10! 
Advance COMPONENTS LIMITED 


MAINS STABILIZATION DIVISION [. 
TWD 7 


ROEBUCK ROAD * HAINAULT « ILFORD + ESSEX + TELEPHONE : HAINAULT 4444 
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TH REE YEARS AGO we offered the first SERVISCOPE* to industry with notable 


success. Last year we introduced a double beam version and again acceptance was immediate. Now we extend 
the range still further with the new S.42, a high performance version of the original Serviscope with many 


outstanding features. 


4” spiral P.D.A. C.R. tube operating at 3.7 Kv. 


Increase gain—maximum sensitivity 10 mV. 
Unique extendible light hood. 
Pulse bright-up for single stroke working. 


H.F. synchronisation compatible with Y ampli- 
fier performance. 


Accurate calibrated input attenuator. Wide range calibrated 
time base (down to 5 sec/cm. if necessary). X expansion 
control to 10 dia. D.C. coupled flyback banking. Versatile 
triggering circuit unique to ‘Serviscopes’. Illuminated grati- 
cule. Weight: 18 Ibs. Price: £92. 


Basically the same rugged, lightweight, versatile 
instrument as its well-tried predecessors, the S.42 
has the ability to meet more exacting demands with 
its high writing speed and additional high gain facility. 
Evolved originally for computer development and 
servicing, the S.42 has special applications wherever 
pulses have to be measured at low repetition rates, 
for example, a single shot 1 sec. pulse can be seen 
and photographed. In addition, it has general applica- 
tions throughout the electronics industry. 


* ‘Serviscope’ is the registered trade mark of TELEQUIPMENT LIMITED 313 Chase Road, Southgate, London, N.14. Tel.: Fox Lane 110 
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Servo Components Division 


ELLIOTT BROTHERS (LONDON) LTD 


Century Works, Lewisham, London SE.13. Tel. Tideway 1271 
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VERY ROBUST. Sealed 6° diameter in- 


strument, with measuring bulb ink’ 
diameter stainless steel sheath. 


LOW COST. 4 Practical and economic re- 
placement for filled systems and moving coil 
instruments — send for price list. 


TRANSISTORISED. Exceptional reliability 
a printed circuit and robust motor 


pons indicating pointer. 12 volt battery or 
mains supply. 


EASILY FITTED, Simple clamp mounting 

th robust terminals. No fragile capillary 
ae or expensive compensating cable — 
simple wiring only required. 


ACCURATE AND RAPID RESPONSE. 
Reproductibility better than 0°25% on 13° 


scale, response time 1 second. 


73 TEMPERATURE RANGES in *F and °C 


for temperatures up to 850°C 


# UP. TO 300 FT. SIMPLE WIRING 


REMOTE INDICATION. 
The indicator can be up to 300 feet away from the mea- 
suring point with no effect on calibration and accuracy. 


FIELDEN ELECTRONICS LTD > WYTHENSH 
ALSO AUSTRALIA, ITALY AND CANADA 
Agents throughout the world 

B3 
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British and Foreign 
patents pending 


4 


TEMPERATURE 


INDICATOR 


ALSO... 


“BIKINI” CONTROLLER 

Differential 0°5°C. Includes similar 
features to the Bikini Indicator. 
Send for specification sheet BIK.1 
and price list. 


“BIKINI” INDICATOR /CONTROLLER 

The Indicator can be supplied with an 
adjustable control contact 

for use with local or remote alarm 

or control relay. 


2 g 
Branch Offices: LONDON, WALSALL, siecriceuerabn, EDINBURGH (A. R. BOLTON LTD) Recording 
AND DUBLIN. Control 


CONTROL November 1960 








“aX 
Z; 
y All this 
to plough 
a field 


Just imagine this crawling across the fields belching smoke, sparks 

and noise—but this monster was a great advance in its day—the ancestor of 
today’s powerful and handy tractor. The tractor had to wait until motors 
and metals were perfected, until technology had caught up with invention. 
To-day when the problems are so much more complicated, the solution 


is often much simpler—contact ‘Varley’. If your problem is automatic, 


remote or push button control; the answer proved many times 
in many fields is, a ‘Varley’ Solenoid. 


arley solenoids 


RECD TRADE MARK 











The new D Range (Illustrated) 


has been designed to give greater power, 
quieter hold for smaller size. 





For full details of Varley Solenoids, write for Illustrated Catalogue T1/3 


OLIVER PELL CONTROL LTD 





hdicating 


Cambridge Row Burrage Road Woolwich SE18 
lecording 


iontrol 


Tel: Woolwich 1422 (5 lines) Telegrams: Olipel London S.E.18 
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WARWICK ROAD BOREHAM WOOD HERTS - TELEPHONE: ELSTREE 2291/2/3/4 
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the NEW 60-second 


OSCILLOSCOPE CAMERA 
Series 410 


Improved design and performance at the same price as the old 
Series 400, which is now discontinued. 
Uses standard Polaroid roll films Types 44 and 47 
producing positive prints, and Type 46L 
producing transparencies. 


Can be used with all general purpose Oscilloscopes. 


J. LANGHAM THOMPSON LTD. 


BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 
Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford” 
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WESTOOL, 
SOLENOIDS 


... Streamlined for streamline production layouts. Each 
unit, conveniently compact, easily incorporated into any 
control system—remote, automatic or push button. 
Action instantaneous and certain. 

The range of both types— AC and DC—is wide indeed; 
the standard the best throughout. 

Send for technical data sheets. 


ST. HELEN’S AUCKLAND, CO. DURHAM 
Telephone: West Auckland 551 (6 lines) 
Telegrams: Solenoid, West Auckland 
LONDON A 
2 Ashley Place, Carlisle Place, S.W.1. Telephone: Victoria 7301/2 Me 
BIRMINGHAM 


‘alii Pie Bank of Westool Solenoids operating hydraulic valves. 
Silhill House, 2241 oe Sot, \ en Birmingham, 26 Photograph by courtesy of Towler Brothers Ltd, Leeds. 


THB. 
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YOU KNOW WHIGH IS BETTER! 


Just by looking at these two circuits, the experienced 
designer knows which is better. He knows that the 
simple, straightforward circuit shown above, incorpor- 
ating Semiconductors’ SB Transistors, offers real 
performance-improving, cost-saving advantages. 


* If you want circuit simplification 


* If you want high volumetric efficiency 


* If you want fewer joints 
% If you want parameter variation immunity... 


. it will pay you to investigate the benefits 
of Semiconductors’ transistors for Directly Coupled 
Circuits. 


Write or ‘phone Semiconductors’ Applications Laboratory — Swindon 6421. 


Semiconductors limited 


CHENEY MANOR - SWINDON :- WILTSHIRE 
Telephone: Swindon 6421 


ONE OF THE | Plessey | GROUP OF COMPANIES 
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A new and 
more sensitive 


Austinlite 


SOT | 


relay 


FEATURES 


High accuracy—to within + 0.5%. 
High torque—hence positive contact pressure. 


Ease of adjustment with fine and coarse settings 
and self-locking adjustable contacts. 


Choice of either two or four adjustable contacts. 


Contemporary case design—projection or flush ‘ . 
mounting. Monitoring duties. 


APPLICATIONS 


Current regulator control. 


Voltage regulator control. 


Dustproof and suitable for use in the tropics. Limiting duties. 
Conforms to Post Office Specification P.T. 1025B. Equipment protection. 


Suitable for current or voltage sensing on 
either D.C. or A.C. 


—7hustinlite ELECTRICAL EQUIPMENT (Makers of Sumo Pumps and 


Stone-Chance Lighthouses). 


Gustom-built by STONE-GHANGCE LTD. CRAWLEY, SUSSEX. 
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A NEW TRANSISTOR 
DESIGNED FOR 


D.C. CONVERTER 
APPLICATIONS 


Progress in one of the most promising fields of transistor application—d.c. con- 
verters—has been delayed not by a shortage of power transistors, but by transistor 
avalanche breakdown caused by the simultaneous heavy currents and high voltages 
encountered in inductive circuits. 


Now, after extensive application work and customer consultation, Mullard intro- 
duce the OC28—a transistor designed and tested for use in 28-volt d.c. converter 
and similar applications where inductive loads are employed. 


The OC28 is dynamically tested to withstand 60 volts at 0.5 amp and 60 volts at 
6 amps. This testing is additional to the normal static voltage ratings of 80 volts 
collector to base and 60 volts collector to emitter under cut-off conditions. 


The assurance of specially controlled and specified avalanche breakdown character- 
istics broadens scope for the design of nominal 24 volt power converters, even 
where the actual supply voltage rises on occasion to 30 volts or more. For operation 
in self-oscillating circuits a tight control on current gain is exercised. 


In static and mobile equipments—in road, rail, sea and air-borne applications— 
the generation of high voltage for lighting, instrumentation, communication and 
control is now possible. The performance and small size attainable are exemplified 


by a pair of OC28’s mounted on a folded blackened 4 in. thick copper plate of area 
32 in. x 14 in. Operated from a 28 volt supply in a push-pull circuit utilising two 
small transformers, they will deliver 100 watts at 195 volts d.c. with an overall 
efficiency of 86% in ambient temperatures up to 80°C. 

Please write on your company letterhead for data sheets and any further information 
on the OC28. 


Abridged Data V.» max. (I,=0) 
V.. max. (cut-off) 
V.. max. (I,=0.5A) 
V.. max. (I1,=6A) 
I, max. 


Prop Max. at 45°C mounting base 
temperature 
a oe T, max. (continuous rating) 


T; max. (intermittent rating, 200 hours max.) 100°C 
WA & (at V.= —1V, I,=1A) 
& (at V.= —1V, I, =6A) 


SEMICONDUCTOR DIVISION - MULLARD LIMITED - MULLARD HOUSE 
TORRINGTON PLACE - LONDON - W.C.1 - TEL: LANGHAM 6633 
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-55°C to +155°C 
| Plessey | mark 5 


connectors 


ao ee 


This new range of aluminium Mark 5 connectors embodies the 

main features of the well-established Plessey Mark 4 connector plus 
additional characteristics for safe operation between 

—55°C and + 155°C! 

Designed specifically to provide thoroughly efficient and reliable 
service at the extended temperatures of modern requirements, the 
Mark 5 range has passed successfully Type Approval tests to the 
conditions specified in DEF 5321 (July 1958), maintaining a pressure 
sealing of 20 Ib. p.s.i. between —40°C and + 155°C. Where pressure 
sealing is not essential, efficient operation to —55°C is attained. 

This standard of performance has resulted in the Mark 5 Connector 
being adopted by the Ministry of Aviation as the Pattern 104 connector. ° 


Wiring and Connectors Division 


THE PLESSEY COMPANY LIMITED - Cheney Manor - Swindon - Wilts - Swindon 6251 


Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX - ILFORD 3040 


Wcwir 
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DOwWwT VY | 
MOOG SERVO VALVES 


Dowty-Moog electro hydraulic servo 
Operating Pressures : valves are compact, sensitive and can 


from 1,000 - 4,000 p.s.i. be supplied in packages with actuator 


suitable for aircraft, missile and machine 
tool systems. 


Dowty Rotol Limited develop complete 
automatic control systems. 


Weight: 11 ounces 


DOWTY ROTOL LIMITED - CHELTENHAM ROAD GLOUCESTER 
Member of the Dowty Group 


Telephone : Gloucester 24431 


CONTROL November 1960 
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DS Te 


SILICON 2N706 


GERMANIUM 
2N1301 


Write for Data Sheets, quoting reference to: 


& 
& 
e 


SHAFTESBURY HOUSE - SHAFTESBURY AVENUE +» SOUTH HARROW - MIDDX - BYRON 9571 


UD 


Ref: 2N398 
VE (volts) 4 a te Pe (mW) 
Ves (volts) Beta 


lc (ma) VES (volts) 
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Gimmicks and real contributions 


heartedly to the difficulties of learning mathe- 

matics, and quoted a certain company’s 
technical director who had suggested that mathe- 
maticians were deliberately fencing in their art 
in order to preserve some kind of mystique. 

As long as the mathematicians confine them- 
selves to manipulation of literal symbols they can 
go on bemusing even technical people, at least for 
part of the time: but many symbolic situations 
can be put into diagrammatic form, and, when 
this is done, huge and revealing rents may be torn 
in the camouflage netting. As every engineer 
knows, diagrams can help tremendously in both 
the interpretation and appreciation of analytical 
results. Graphical representation can be used 
either to summarize a whole position, or it can be 
detailed enough to yield precise information. A 
particular use of graphical methods is to get a 
qualitative ‘feel’ of the mathematics of a situa- 
tion, and especially to appreciate the general effect 
of some proposed variation: such study is often 
much easier in terms of graphical than of literal 
symbols, perhaps more often in control engineer- 
ing than in some other branches of technology. 

The linear differential equations of control sys- 
tem analysis can be written to describe either a 
complete system or a portion of the system. In 
whatever way the equations are solved, whether 
by intelligent guessing or by applying operational 
calculus, the answer comes out as a function of 
time for some specified input disturbance. A solu- 
tion as a function of time may be excellent for an 
original equation written to cover the complete 
system: but tedious work is necessary to get from 
the performance of individual components (ex- 
pressed as time functions) to the performance of 
the system as a whole (expressed as a time func- 
tion). The drudgery is worse if one is interested 
particularly in what may happen when some para- 
meter of the system is varied. 

Another way is to assume that all time functions 
are sinusoidal oscillations. The differential equa- 
tions can then be studied in terms of frequency 
response, and the effect of cascading segments of 
the system can be found readily by multiplying, 
giving ultimately an overall transfer for sinusoidal 
oscillations. Manipulation is much easier when 
this method is used, and it can be made largely 
graphical. The facility with which it enables a 


I LAST NOVEMBER’S LEADER we referred light- 
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designer to study the results of parameter varia- 
tion makes the technique a favourite among con- 
trol engineers, and it is entirely adequate for 
systems that are not too complicated or unusual. 

The principle of sinusoidal analysis can be ex- 
tended to ‘complex frequency’ analysis, using 
signals that represent, in general, sinusoidal oscil- 
lations of a magnitude that varies exponentially 
with time. Complex frequency analysis helps to 
close the gap between frequency and time 
responses, and it can also give much more infor- 
mation about situations that are complicated or 
unusual. Furthermore, it can be quite closely 
linked with the employment of operational calcu- 
lus in system analysis. 

Complex frequency analysis is applied to control 
systems as the root locus method, which is parti- 
cularly attractive because of its heavy reliance on 
graphical interpretation. This can provide a strong 
qualitative grasp of the mathematical situation— 
important when one has to consider the conse- 
quences of some proposed change, or to indicate 
how to approach a required result. 

Though its power would seem to demand recog- 
nition, the root locus method is still not widely- 
enough known or practised. We are therefore glad 
to publish a new series of articles by Dr P. F. 
Blackman of Imperial College; beginning this 
month on page 102, it is an excellent exposition. 

While on the subject of mathematical exposi- 
tions, it is worth drawing attention also to another 
article in this issue. A report by G. M. E. Williams 
in Control last May provoked a good deal of 
interest at the time, and since then the Ifac Con- 
gress in Moscow has led a great many more con- 
trol engineers to wonder whether the theory of 
invariance is another ‘true but trivial’ gimmick, 
or whether it is a real contribution to the art. Up 
to now there has been an absence of English- 
language literature on the subject, but on page 96 
of this issue readers will find the result of a spe- 
cial study undertaken for Control by L. Finkel- 
stein of Northampton C.A.T. Next month we are 
publishing a contribution by Professor A. G. 
Ivakhnenko of Kiev, acknowledged to be perhaps 
the world’s most successful practical interpreter 
of the theory; he will give a few examples of its 
application, and after that some British readers 
may become as vocal and disputatious about it 
as their Soviet counterparts! 





LETTERS 
to the EDITOR 


Laplace transforms—how low can 
you get? 

SIR: I am extremely glad to see in 
the August issue of Control that 
Messrs. Head and Mayo of the B.B.C. 
Research Department commit them- 
selves to full support of the s-multi- 
plied Laplace transform, thereby en- 
dorsing the main point of my article 
of the previous month. They also 
raised, however, two other quite 
separate issues, namely 


(i) Is s a number or an operator? 

(ii) What is the proper formulation 
of the connection between dif- 
ferentiating f(t) and multiplying 
f(s) by s? 

In attempting to find some indica- 
tion of the correct answer to their 
first question, it is necessary to dis- 
tinguish between what is meant by 
operational calculus and what is 
meant by transform calculus. When 
we write D for d/dt, D is an operator 
meaning ‘carry out the operation of 
differentiation with respect to time 
upon what follows’. It remains to be 
shown later that in certain circum- 
stances D can be treated as an alge- 
braic entity. I can, if I like, describe 
the operation of squaring a function 
and subtraction of 6 by some symbol, 
say X: X is thus an operator, and 
Xf(t) = (f)? — 6. I can also define an 
operator £ meaning ‘integrate from 
0+ to ¢ with respect to ¢ the product 
of e-** and some one-sided time func- 
tion, and multiply the result by s’. 
Adopting this approach, £ is clearly 
an operator. This, however, is very 
different from suggesting that s is an 
operator. In the Laplace transform, 
s is a complex number; it is in fact 
a point on the complex s-plane, 
o + jw. It remains to be shown later 
that performing the operation of dif- 
ferentiation in the time domain bears 
a special relationship to multiplying 
by the complex number s in the com- 
plex s-plane. If the distinction be- 
tween the operational and the trans- 
form approach is borne in mind, there 
should be no danger of confusion 
as to what s is. 

It is, however, the suggestion by 
Head and Mayo in connection with 
the second point that I find specially 
alarming. I am in complete agree- 
ment that an alternative (though I 
cannot accept ‘ preferable ”) method of 
defining the integral ,f*f(x)dx is 
ied S *f(x)u,(x — a)dx, where u, de- 
notes the Heaviside unit step func- 


tion. To go on to suggest, however, 
that by making the lower limit of 
integration — © (or indeed any nega- 
tive value) in the Laplace integral (I 
quote) “ differentiation of A(t) n times 
will multiply the transform f(s) by 
s® . . . without any additional terms 
whatever,” is plainly absurd. Multi- 
plication of the transform by s* will 
give in the time domain the n’th dif- 
ferential of the product A(#)u,(0), i.e., 
expanded by Leibnitz’ theorem, 

A()D"u,(t) + nDh(t)D™1u,(t) + 
[n(n — 1)/2!]D2h(Q)D™ uf) +... , 
to which Messers Head and Mayo 
are very welcome, but which might 
well daunt many enthusiasts. 

It is, of course, important to de- 
cide whether or not we are going to 
confine ourselves to Reimann inte- 
grals. If we are, and I suggest that 
the majority of engineers will not 
want to stray into the statistical world 
of Stieltjes, then the use of 0+ as a 
convention to indicate that the lower 
limit of integration is approached 
from the right is perfectly correct. An 
impluse at the origin can be regarded, 
for example, as a rectangular pulse of 
height 1/t and width ¢, with t—> 0. 
The normal method of treating im- 
proper integrals can be adopted, and, 
provided that care is taken with re- 
gard to the order in which the limit- 
ing processes are taken, the correct 
result is obtained, namely that the 
unit impulse u,(t) > s. Further, in 
many problems of electrical circuitry 
where a circuit response is required 
when a switch is operated, the rele- 
vant initial conditions are not the 
pre-switching conditions at 0 —, nor 
the conditions at 0 (whatever they 
may be), but the conditions immedi- 
ately after the operation of the switch, 
i.e. the conditions at 0 +. 

The argument from the rifle and 
the cartridge is clearly completely in- 
valid, since by considering the part 
of the plane to the right hand side of 
the vertical axis to represent the cart- 
ridge the opposite result is reached 
to that intended by the writers. 

I would like finally to re-affirm my 
belief in the desirability of the s-mul- 
tiplied Laplace transforms which 
Messrs Head and Mayo also support. 
It is most unfortunate that so many 
books on the theory of control have 
been written by engineers who have 
carried on the tradition of the non- 
s-multiplied transform without con- 
sulting their mathematical colleagues 
who would (or should) have offered 


different advice. It is very much to be 
hoped that this will be righted in 
future text-books, and that authors of 
books not adhering to the dimen- 
sionally consistent form will amend 
future reprintings of their publica- 
tions. 

R.A.F. Technical 
College 


H. GRAHAM FLEGG 


Automatic mix-up 


SIR: In the June issue of Control 
a press release from Brook Motors 
Ltd., Huddersfield, appeared on p. 128. 

It was erroneously stated in the 
description that the panel was installed 
at Messrs. J. Dawson Fawcett of Dar- 
lington and that mixers were supplied 
by Messrs. Goodwin Barsby. 

The description should have read as 
follows: “ Tarred macadam for roads 
is now mixed under automatic con- 
trol by the Mountsorrel Tarred Mac- 
adam Co. Ltd, at their Enderby 
Quarry, Leicestershire. The complete 
mixing unit was supplied by Messrs. 
J. Dawson Fawcett (Darlington) 
Ltd.” 

Brook Motors Ltd. regret their 
error in description and offer their 
apologies to Messrs. J. Dawson Faw- 
cett (Darlington) Ltd. and to the 
Mountsorrel Tarred Macadam Co. 
Ltd., for any inconvenience this may 
have caused. 

Brook Motors Ltd. F. HALL 


@ ... and apologies to our readers!—ep. 


PUBLISHER’S COLUMN 
Optimizing control 
Control has been devoting a 
fair amount of space recently 
to computer-governed processes, 
going deeply into such things 
as ‘ optimizing’ and ‘ adaptive’ 
techniques. We are fascinated 
by the idea that it is possible 
to regulate production so that 
everything is indeed for the 
best in the best of all possible 
worlds. As technical publishers 
we are eager to see our maga- 
zines always adapting to remain 
on top of what must be an 
ever-changing optimum. This is 
by no means easy, with progress 
accelerating furiously all the 
time. Unfortunately (or perhaps 
fortunately) there is no com- 
puter yet on the market that 
can plan and construct a jour- 
nal, and we have to rely en- 
tirely on our human editors. 
Actually they have no rivals, 
either mechanical or human, so 
we can watch with pleasure 
their continuing optimization of 

Control. 
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Silicon transistors 
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Now, for the first time, 
general purpose transistors 
specifically intended 

and priced for industrial 

| applications 


ACTUAL SIZE 








Types 2$701 and 28702 feature:— 
Exceptionally low Iceo (Ico’) — lower than Icgo for 
comparable germanium devices. 


No derating from —40°C to + 50°C — suitable for 
equipment designed for Arctic AND Tropical climates. 







High cut-off frequency (typically 8 Mc/s) — one transistor 
can be specified for all stages of the equipment. 


DEVICE DISSIPATION (Py) 


JEDEC TO-5 case — for ease of circuit assembly 
and soldering. 












0 20 «0 





60 80 100 








AMBIENT TEMPERATURE (T,..) < 


Applications include :— 


AMPLIFIERS—A.C. & D.C. giving complete technical information on all Texas devices are 
OSCILLATORS—L.F. & R.F. available to designers and executives on request by letter or 
SWITCHING & PULSE CIRCUITRY telephone. 


TRIGGERING CONTROLLED RECTIFIERS 


AVAILABLE IN PRODUCTION QUANTITIES — NOW! 


DATA Sheets 












—, INSTRUMENTS 
LIiMigteo 


DALLAS ROAD BEDFORD ENGLAND 
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VIEWPOINT 


Dr J. H. Westcott, Reader in Control 
Engineering at Imperial College, and 
Control's systems consultant, thinks i 
about time we had an Automatic Control 
Research Establishment, to provide a... 
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FOCUS FOR RESEARCH 


May I start by making two observations; neither of 
them particularly flattering to our national self- 
esteem: (1) that we are members of a small nation 
and so must make the very best of what means we 
can command, and (2) that attempting to maintain 
fifty million souls on this small island on the basis 
of industrial exports and services is not necessarily 
a working proposition. 

I believe that we can make a very tolerable success 
of our situation provided we go about it in a busi- 
nesslike manner. An essential part, I should hope, 
of that businesslike manner is to take mechanization 
in the modern sense seriously. Seriously, that is, in 
the intellectual as well as practical sense. 

An important problem is how to provide a proper 
environment for prospective control engineers re- 
quired to face future developments that are inscrut- 
able. The scope of these developments, one may be 
sure, will be very broad indeed and may be con- 
cerned with any sphere of engineering activity. Prob- 
lems of systems engineering are becoming so involved 
and specialized that no man can be expert enough 
to cover the whole, and such projects have to be 
tackled by a group of contributing experts. 

It is, of course, true that by patient and tolerant 
co-operation between experts a number of remark- 
able developments have been brought to fruition, but 
this has only occurred where the co-operating experts 
have associated sufficiently closely to get an insight 
into the motives and difficulties of their colleagues. 

Much as I should like to discuss the universities’ 
educational problem in connexion with automatic 
control, I leave this for another occasion. It is rele- 
vant to recall, however, that the total output from 
my own college of fully qualified post-graduate 
course students in automatic control is between ten 
and twenty a year, and what I am concerned to 
inquire here is what happens to these valuable few, 
and do they have the opportunity to give of their 
best? I believe not. 

The crux of the matter is our research effort: 


» these men are the raw material of research. The rate 


of advance in automatic control is gathering speed; 
it is already often difficult to keep up with the latest 
position. In fact, assessing the true position is half 
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the battle in deciding where to put effort to greatest 
effect. ‘Keeping in touch’ is vitally important, but 
in Britain the fraternity is all too thinly spread over 
universities, research associations and industry gen- 
erally. 

This is the age of large research teams working on 
major projects in big laboratories. We have them in 
atomic energy research and in aeronautical research. 
These studies require expensive apparatus and teams 
of a certain size in order to be viable. This is the 
way to success. Atomic energy and aeronautical re- 
search, while certainly important, are not vital to 
our economic well-being. Automatic control is. So 
why do we not have an establishment for automatic 
control—The Automatic Control Research Establish- 
ment (A.C.R.E.)? 

There are reasons why this does not exist already. 
In atomic energy, attention can be focused on the 
practical device: the atomic reactor itself. Similarly, 
in aeronautical research attention can be focused on 
the aircraft. Automatic control has become an im- 
portant aspect of both of them but it also has impor- 
tant implications for practically every manufacturing 
or process industry. It is a much more diffuse affair, 
and consequently calls for much greater skill in 
organization and implementation. It constitutes a 
much more serious challenge, and is, I maintain, 
much more potentially fruitful industrially speaking 
than the other cases I have cited. 

This being the case I think it all the more impor- 
tant to have a substantial focus for this activity. I 
should like to see an organization modelled on The 
Aeronautical Research Council, but also having a 
close connexion with the universities. Apparatus 
should be provided on a scale to enable it to do 
pioneering research, while co-operation with industry 
would be essential to success. Suggestions along these 
lines have been mooted recently from various quar- 
ters, but little action has been taken. 

Can we afford not to make the best use of our 
human resources in this field? 


Waweg: 








This excellent 
Germany's Interkama as a serious rival to our 
own cramped I.E.A. Exhibition, and symbolized 
an industry that is ‘shining bright and new ' 


display established west 


Interkama in Dusseldorf 


by K. C. GARNER, 8.sc.(ENG.)s A.M.I.E.E., A.F.R.AE.S. 
College of Aeronautics, Cranfield 


THE FIRST DUTY OF A CORRESPONDENT IS TO PLACE THIS 
exhibition and congress on instrumentation and auto- 
mation in some sort of perspective with similar activi- 
ties elsewhere, and perhaps the best way to do this is 
by briefly summarizing the status of the related industry 
of the German Federal Republic. In west Germany 
there are about 250 firms with 70,000 employees 
specializing in this field; and, similarly to the pattern 
elsewhere, there are one or two giants like Siemens- 
Schuckertwerke Aktiengesellschaft, and Allgemeine Elek- 
trizitats-Gesellschaft (A.E.G.) while the vast majority 
employ less than 1000 employees. The annual capacity 
runs at more than 1-1 billion DM, of which 30% is 
directly exported, with a great deal more exported as 
built-in components on foreign-based German process 
plants. In home industries the instrumentation runs at 
5% of the total investment for power plants, rather 
more for steel, and at least 10-20% for chemical plants. 
These figures in themselves are not significant unless 
it is realized that the major proportion of west German 
industry is shining bright and new. This means that 
the very latest instrumentation is going in with very 
little opposition from conservative management or pre- 
judiced labour. This I regard as the true message of 
Interkama. 

The exhibition itself was superb in its presentation at 
the Ehrenhof pavilions, covering some 39,000 m* and 
housing 470 stands, 280 of which were German, and 
the rest from western Europe, the U.K. and the U.S.A. 
Only two, e.g. Hungary and eastern Germany, were 
present from the communist camp. These figures show 
an increase in size of over 30% since 1957, and judging 
from the literature of the 1957 Interkama, the inter- 
vening three years have brought with them a consider- 
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able advance in west-German technology. This advance, 
while being rapid, has not, in my opinion, brought them 
quite up to British and American standards in any 
major field. Nevertheless, the salient feature of the exhi- 
bition was the tremendous enthusiasm, and sometimes 
even impatience, to utilize the very latest techniques in 
their new industries. 

Electronic control systems, whether analogue or digi- 
tal, seem to be accepted without question if there is 
no obvious economic disadvantage, or any overriding 
safety requirement. Thus pneumatics has taken a defin- 
ite second place in German control philosophy. The 
emphasis throughout is on more and more solid-state 
digital control, with the obvious advantages of program- 
ming procedures and easy, effective, data-gathering. 

Having only limited space I can include only a few 
of the exhibits which merit attention, although these 
represent a tiny fraction of this vast and glittering 
exhibition. 


Logic systems 

Undoubtedly the field of major interest is the applica- 
tion of logic circuits to production control, and to auto- 
matic control and supervision of servo-mechanical and 
process systems. Several firms had demonstrations of 
such systems, notably Siemens (Simatic), A.E.G. 
(Logistat), which have been shown previously in less 
advanced form, and a new and extremely compact sys- 
tem developed by the Belgian firm Ateliers de Construc- 
tions Electriques de Charleroi, called Logacec. Each of 
these systems is built from unit solid-state logic circuits 
providing AND, OR, NOT and time-delay functions etc. The 
first two systems mentioned above have each function 
in a plug-in module, and the appropriate ones are inter- 
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connected in a plugged frame. In the Belgian system 
one modular unit contains a variety of functions inter- 
connected across external terminals to provide the 
desired switching system. All these systems are in indus- 
trial operation on various plants in Germany and 
Belgium, and Logacec pilot schemes are being used by 
Renault to control some of their transfer machines. 
A.C.E.C. also combine a range of their units into a 
so-called ‘logic simulator’, which, by utilizing easy 
patching facilities, makes complicated logical systems 
evaluable, especially in conjunction with an analogue 
computer to simulate the appropriate dynamic com- 
ponents in the overall system. 

All these logic systems can be programmed either by 
interconnexion or by standard read-in equipment. 

Siemens-Halske AG provided two very convincing 
working demonstrations of combined analogue-digital 
control servo-systems. The first was a completely auto- 
matic rolling-mill screw-down control, programmed 
from a ferrite-core memory from data either manually 
read in or from punched cards. The control console 
prevides all the usual manual controls, in addition to 
keyboard controls for initial absolute setting and sub- 
sequent manual incremental settings of the roller spac- 
ings for each pass. The system is accurate to 0°1%, with 
numerical read-outs for visual monitoring and, if 
required, data-logging. Complete freedom of choice 
between programmed control, or digital or analogue 
manual control, is available at any stage in the rolling 
operation, so that mill-operator experience can be 
utilized if the temperature of the billet is wrong, or if 
the billet becomes skewed relative to the rolls. 

The second system demonstrated a speed control 
relating the speed ratio of two independent feed rollers 
of a paper mill. Again all the manual controls normal 
to such a plant are present, and the fine digital control 
co-ordinates the speed ratio. This is done by counting 
the cycles from a.c. tachometers coupled to each drive, 
and the difference between the counts is converted again 
to analogue form. This signal is compared with a refer- 
ence signal which determines the desired speed ratio. 
An accuracy of better than 0°1% is achieved. 


Process instrumentation 


In the field of industrial process instrumentation there 
was truly an immense range of controllers, recorders, 
monitors, and transducers, of inconceivable variety, 
although (apart from unfamiliar legends) very little 
novelty. Here and there, however, a new item appeared, 
the most unexpected perhaps being the new pneumatic 
three-term controller Minipid by J. C. Eckardt A.G. 
This is, without question, one of the neatest permuta- 
tions of four bellows and flapper-nozzle assembly so 
far devised, and very much in keeping with German 
mechanical engineering tradition. It consists of a ring 
carried by a cruciform arrangement of four bellows 
anchored at a central spigot. An opposite pair measure 
the difference between the set point and the measured 
value, while the orthogonal pair, through their respec- 
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tive restrictors, provide the reset aad derivative terms. 
Proportional band is set by a pointer which constrains 
the ring to rock about a point on its periphery in rela- 
tion to the first two bellows. This firm also manufac- 
tures a novel proportional manometer gauge with tran- 
sistorized alarm and switching facilities, as well as a 
wide range of electronic (thermionic) three-term con- 
trollers and recorders etc. 


Analogue computers 


Analogue computers were naturally on exhibition, 
with Electronic Associates Inc. (Pace) well to the fore. 
They were showing the Adios automatic digital input- 
output system, which provides tape-programming co- 
efficients and read-out facilities. This installation is used 
already by the C.E.G.B., A.E.I. and U.K.A.E.A. in the 
U.K. and by two institutes in Germany. Euratom have 
one on order. Yet this was apparently the first public 
showing. 

Many other exhibitors showed analogue computers, 
usually completely transistorized. The more notable 
ones were Telefunken, Beckman, Solartron G.m.b.H., 
and Brown Boverie & Cie A.G. with both large and 
desk-type instruments. The latter firm also have a 
* Logical computer’ similar to the A.C.E.C. version. 
Giittinger of Switzerland produced a twelve-amplifier 
desk type, and also a specialized computer called Statistic 
for production control. A.E.G. provided a complete 
range of transistorized computers and showed for the 
first time a new frequency-response analyser, with a 
range 0-1 c/s to 1110 ke/s. 

Solartron G.m.b.H., have also introduced a new 
crystal-controlled signal generator from 50 kc/s to 500 
Mc/s using b.f.o techniques, which, with standard plug- 
in units, can provide a wide range of modulated wave- 
forms, both amplitude and frequency, with precision 
attenuators, and frequency-comparison sub-units. This 
instrument will undoubtedly find many applications in 
the v.h.f. and telemetry fields in the near future. 


Tragic British shadow 


The British stand was tragically a mere shadow of 
our potential. It was dull and cramped and altogether 
uninspired, with the minor irritation, for the local visi- 
tors, that most of the staff were monolingual English- 
men, although adequate interpreters were present; this 
was in contrast to the passable English spoken by at 
least a third of the rest of the exhibition personnel. 

Interkama will, after this excellent show, become a 
major event in the control field, seriously rivalling our 
own more cramped A.E.I. Exhibition. Diisseldorf was 
well chosen as a setting, with an airport only ten min- 
utes from the centre of this friendly and attractive 
modern city of boulevards, glittering shops, parks and 
lakes. 

In conclusion, let me reiterate that while the tech- 
niques and devices are no better than those available in 
Britain, the sheer enthusiasm for applying the fruits of 
this technology is truly impressive. 





A report on the fifteenth Annual Conference and Exhibit of the 


Instrument Society of America, the theme of which was... 


Progress 
through instrumentation 


by REGINALD MEDLOCK 
George Kent Ltd 


THE 1960 ANNUAL CONFERENCE AND EXHIBIT OF THE I.S.A. 
took place in the New York Coliseum, where some 300 
manufacturers exhibited, 200 papers were read and 
16,000 visitors were registered. Many of the technical 
sessions were concurrent in time; in consequence, 
one person was limited to attending not more than 9% 
of the technical sessions, and this often led to mental 
conflict when two or more interesting papers were read 
at the same time. It is a pity that some multiplexing 
or time sharing system has not been invented to resolve 
the listener’s dilemma. 

The Conference opened in good American style with 
a demonstration of a miniature f.m. radio transmitter 
strapped close to the heart of a handsome young naval 
officer. The detected heart beats were displayed on a 
large oscilloscope and were plainly heard from ‘ woofer’ 
speakers—all of which became heavily overmodulated 
when an attractive blonde held the officer’s hand. 

Having thus had our fun, we were started on the 
serious part of the business with the three ‘ keynote ’- 
session papers on progress through instrumentation in 
the petroleum industry, in the power industry, and in 
the missile and space age. 


THE CONFERENCE 


A large number of papers was concerned with 
instrumentation for oceanography. Interest in this sub- 
ject is very great at the moment on account of its 
military importance, and consideration is being given 
to the formation of a separate section or group. 

There were two whole sessions dealing with strain 
gauges. Since the first commercial development of these 
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gauges in 1929 considerable strides have been made, due 
in part to space and missile requirements. Slowly, the 
strain gauge is entering the process field, a specific 
example being a refinery which started up over a year 
ago, which used strain gauges for most measurements 
except temperature. The maintenance required was re- 
ported to be less than for pneumatic or other electric 
systems. 

Commercial-type semiconductor strain gauges have 
been developed having gauge factors of 130 compared 
with approximately 2 for wire gauges. Semiconductor 
types of gauge have been in use since 1958, but the 
early ones had undesirable characteristics. For example, 
the gauge factor and the initial resistance varied con- 
siderably with temperature, and they were fragile and 
non-linear. Recent research has shown that by increas- 
ing the ‘doping’ (an American term) to about 10°” 
boron atoms per cm* of silicon, these disadvantages can 
be greatly reduced, although there is also some reduc- 
tien of gauge factor. Nevertheless it still remains some 
sixty times that of wire gauges. 


Computer control 


In the process field the main interest was in com- 
puter control. British visitors worked particularly hard 
to get specific information on how far this area of 
activity had progressed in the U.S.A.—how many had 
been ordered, how many were working, how well, and 
what industries were asking for them. It was not easy 
to obtain the answers. Often when answers were 
obtained they were unintentionally misleading, because 
they referred to all computers used in the process indus- 
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tries, including those used for ‘ off line” computation, 
data processing and alarm systems. 

It would appear that there are about six ‘ on-line’ 
controlling computers claimed to be actually working 
in the U.S.A. The number of systems actually ordered is 
considerably more, and, at a cost of around £100,000 per 
system exclusive of basic instrumentation and control, 
the interest is not only technical. One computer manu- 
facturer has on order twenty systems for the U.S.A. 
alone. In reply to a question, the author of one paper 
analysed by industry the applications known by him to 
have been ordered on his own company. The figures 
quoted were: 


Utilities 8 sets 


Power Stations (for automatic starting-up 
and shutting-down procedures) 


Steel Works 
Power Stations (data processing and control) 
Chemical Plant 


sets 
sets 
sets 


ww) © 


sets 


The number of applications for the automatic starting- 
up and shutting-down of boilers and turbines in power 
stations seems to be high in terms of the economic and 
other advantages to be derived from such an application. 

It was interesting to speak to one computer manu- 
facturer who had recently visited the U.K. and who was 
disappointed to find a lack of interest in this field. (It 
may, of course, have been only a lack of interest in 
his computer.) 

Sufficient operating experience had been obtained in 
commissioning computer control systems to provide 
material for one paper on the subject. Previously much 
has been written of a speculative nature, with surpris- 
ingly little publication of actual performance and results. 

The interest in computer control seemed to be the 
outstanding feature of this year’s I.S.A. show. Two 
years ago in Philadelphia one of the technical sessions 
dealing with this subject organized a census of interest, 
which showed that about 80% of those attending the 
session were affiliated to instrument and computer 
manufacturers, and the remaining 20% were from user 
industries. This year the percentages were approximately 
reversed. 

As an anticlimax to’ this potential multi-million dol- 
lar equipment with its enormous technical complexity, 
a paper was read by B. M. Horton which described 
such elegant and simple equipment that it charmed the 
audience, and incidentally won for the author the 
Armold O. Beckman Award of 1000 dollars for ‘ the 
most important technological contribution to the con- 
ception and implementation of a new principle of instru- 
ment design, development or application’. Horton’s 
paper was entitled ‘ Pure fluid amplifiers ’ and described 
an amplifier device which operated, without mechanical 
movement, by means of fluid stream interaction.* In its 
simplest form a parallel jet of liquid or gas was deflected 
by another jet impinging on it at right angles. The 
deflexion of the kinetic energy of the jet provided the 





* See also ‘ Look at America’, in our August 1960 issue, p, 111.—EprTor. 
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means of amplification. By using positive and negative 
feedback effects, the device could be used as a bi-stable 
flip-flop or as a continuous oscillator. 


THE EXHIBITION 


In this section of the report some general impressions 
will be given together with a few notes on some par- 
ticularly interesting instruments. 

In comparison with previous exhibitions, the 1960 
Exhibition appeared to be less well attended and to 
show rather less new equipment. The emphasis was on 
consolidation of design, following the introduction of 
several competitive ranges of electronic measurement 
and control systems two years ago. 

Electronic equipment was monotonously described as 
being ‘all transistorized’, and was found to have 
tighter packaging, printed circuitry, encapsulated 
modules and even micro-electronic circuits. One enthu- 
siastic salesman pointed out that his instrument was so 
compact that if you tried to pour water into it there 
would be nowhere for it to go. 

Although the big instrument firms with the well 
known names are expected to be first to bring out 
exciting new designs, there is invariably at least one 
small young firm each year which provides a minor 
sensation in design. An example was provided this year 
by De Var Systems Inc., formed about a year ago by 
a group of engineers interested in developing a new 
approach to electronic control systems. One of their 
products is a miniature electronic potentiometric re- 
corder with some interesting technical features. The 
amplifier is made up of six encapsulated modules which 
are electrically interconnected with metal straps and 
screws (no plugs). It need scarcely be mentioned that 
the modules are ‘all transistorized ’, including a tran- 
sistor input chopper. This, with an unusual feedback 
and isolation circuit, provides high common mode d.c. 
rejection and freedom from a.c. line noise. The re- 
corder pen is operated by a powerful torque motor 
which also drives a feedback inductive transformer, 
instead of the conventional slide-wire. The first impres- 
sion was that it would be difficult to conceive a more 
intrinsically failproof design. As a parting shot it is 
pointed out that, if the mains should fail, then a self- 
contained nickel-cadmium battery automatically takes 
over and keeps the instrument working (except for the 
chart motor). 

The victory of transistors over tubes is by no means 
absolute. It is interesting to find that even a large tran- 
sistor manufacturer had brought out some new d.c. 
amplifiers incorporating mechanical choppers and ther- 
mionic valves. Another firm offered alternative ampli- 
fiers for a potentiometric recorder—the transistorized 
version being 100 dollars more expensive than its ther- 
mionic counterpart. 


Electronic measurement and control 


Fourteen exhibitors of three-term electronic control- 
lers were counted—there may have been more—and 
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most of these could also offer miniature recorders and 
a limited range of transducers. Improvements in the last 
two years have been limited to small changes in cir- 
cuitry and layout. There is an interesting trend towards 
the elimination of the ‘ balance’ position in the auto- 
manual change-over switch, while still providing a 
* bumpless ’ transfer, this now being an automatic opera- 
tion. 

Discussions are still proceeding on the standardiza- 
tion of the electrical transmission signal, and it is darkly 
hinted that there might be two standards, 1-5 mA and 
10-SO mA d.c. 

Many types of electrical transducers were shown, 
mainly for pressure measurement, and intended for 
testing and missile work rather than for process control. 
Two more firms have entered the electromagnetic flow- 
meter market, and offer equipment for fluid conducti- 
vities down to 0°05 micromho, i.e. almost in the non- 
electrolyte region. Solid-state quadrature suppressors 
for use with these flowmeters are available. 

Sales of the electronic range of process measurement 
and control equipment were reported to be rising fairly 


rapidly, whilst sales of the pneumatic range remain 
fairly stable. 


Analytical instruments 


The development of practical analytical instruments 
is a prime necessity for successful computer control of 
processes. The large number of exhibits in this category 
suggests that this fact is widely recognized, though it 


is debatable whether all these exhibits are practical. 
Especially outstanding are analysers using the principle 
of gas chromatography which has enjoyed a meteoric 
rise to success. In the last five years, response times 
have been reduced from thirty minutes to as many 
seconds. Over the same period the equipment has 
assumed a robust industrial appearance which gives 
confidence in its future. Ancillary equipment was shown 
including specially adapted strip chart recorders, auto- 
matic peak selectors and improvements to devices used 
for finding both peak height and area. 

Other analytical instruments included a new process 
refractometer; a flame photometer for measuring chlor- 
ide ion content in boiler feed water down to | part in 
10°°; a hydrocarbon analyser using a flame ionization 


detector; a new paramagnetic oxygen analyser with 
ranges from 0-0:002% up to 0-100% oxygen content 
(the principle involves the generation of a pulsating gas 
pressure by the action of a rotating magnetic field on 
hot and cold samples of paramagnetic gas, and the 
detection of the amplitude of pulsation by a sensitive 
condenser microphone); an ultrasonic gas bubble-in- 
liquid detector, which developed from an unsuccessful 
attempt to produce an ultrasonic flowmeter—the product 
was found to measure bubbles more successfully than 
flow; a simple analyser for dissolved oxygen in feed 
water, which measures the change in conductivity of 
the feed water resulting from the chemical reaction 
between oxygen in the water and metallic thallium. 


Mass flow measurement 


In recent years some ingenious designs of mass flow- 
meters have appeared. Originally they were designed 
for liquids, particularly aircraft fuel, but now some 
have been adapted for gases. These instruments mea- 
sure mass flow rate directly, and are not volumetric 
meters corrected for density. 

The B.S. & B.-G.E. meter works on the change-of- 
momentum principle. An impeller located in the gas 
stream imparts an angular momentum to the gas pro- 
portional to mass flow rate. This momentum is ex- 
tracted by a turbine downstream of the impeller, the 
turbine thus experiencing a torque which is also pro- 
portional to mass flow rate. The torque is applied to 
the minor axis of a gyroscope which produces a pro- 
portional rate of precession round the major axis. This 
motion is transmitted to a direct-reading cyclometer 
totalizing the flow in weight units. 

In the Decker mass flowmeter* the liquid passes 
through a loop of pipe which is vibrated through a 
small amplitude. The gyroscopic effect of the circu- 
lating fluid produces a pulsating force at the same fre- 
quency, but in another plane, and this force is directly 
proportional to mass flow. 

The third method, employed by the Potter Aeronau- 
tical Company, simply uses two impellers each provided 
with a ‘pick-off’ probe and having differing blade 
angles. The impellers are coupled by a spring and are 
capable of relative angular displacement with respect 
to each other. This displacement is proportional to the 
flow momentum. It can be shown that a measurement 
of the elapsed time for the phase angle displacement 
to traverse a reference point is directly related to mass 
flow. Thus a time-interval meter used with both probes 
can measure mass flow and a frequency meter used 
with any one probe can measure volumetric flow rate. 


Other physical measurements 


As a conclusion to this report, the following notes 
are appended on a few interesting exhibits chosen at 
random. The first is a density-measuring equipment for 
slurries, similar to the well known pneumatic force- 
balance system of weighing the contents of a hairpin- 
shaped tube; but in this new instrument the tube is 
straight, has flexible connexions at both ends, and is 
supported in the centre by the feedback system. This 
arrangement is claimed to be more suitable for larger 
flows. The second is a new low-loss venturi tube which 
has a radiused upstream cone and a straight down- 
stream cone. The throat tapping is taken at a point 
where streamline curvature gives a centrifugal head 
similar to that developed in the well known Dall tube. 
The third is an ultrasonic level detector which has two 
facing piezoelectric transducers, one as a transmitter 
and the other as a receiver. When liquid reaches 
the level of both probes it provides an acoustic coup- 
ling and produces a transfer of energy to the receiving 
probe. 


a 
* See also ‘ Look at America’, in our August 1960 issuc, p. 111.—EprToOR. 
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THE CONTROLS DESCRIBED IN THIS ARTICLE ARE FOR GAS- 
cooled reactors of the type generally adopted by the 
C.E.G.B. for the power stations now being built or 
planned by the large industrial consortia. They con- 
sist of mechanisms designed to meet the power de- 
mand and to maintain the level of output. Others are 
designed to monitor the system to prevent the reactor 
from running out of control during an emergency, which 
otherwise might allow a dangerous critical state to 
arise. 











DESCRIPTION OF REACTOR 

The reactor under consideration consists of a steel 
pressure vessel in which is placed a core consisting of 
graphite blocks. Numbers of channels are arranged 
through the core and are usually vertical (Fig. 1). Gas 
flowing through a heat exchanger transfers heat from 
the reactor to a water/steam circuit which feeds the 
turbo-generators. From the heat exchanger to the 
power grid the equipment is fairly conventional, and 
will not be reviewed in this article. 

In the channels of the graphite core are placed fissile 
fuel slugs in a geometric lattice pattern of such close- 
Ress as to allow critical reaction. The fast neutrons 
emitted by the nuclear fission of the fuel are moderated 
by the graphite and the energy of continuous fission is 
transformed into heat. Dry carbon dioxide gas is 
pumped through the channels in the graphite to keep 
the core at the required temperature, and in so doing is 
itself raised in temperature. The gas passes to the heat 
exchanger, is cooled thereby, and then returns to the 
core, thus completing the cycle. 
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Control mechanisms for nuclear reactors have to cope with the 
particular difficulties and hazards caused by radio-activity. The 
devices evolved may not be revolutionary in principle, but they 
provide an elegant solution to some unique problems 


Control mechanisms for 
nuclear reactors 


by JOHN TINDALE, »M.1.MECH.E. 
Elliott Brothers (London) Ltd 






If the design of a reactor is arranged so that it be- 
comes less active as the temperature rises, this estab- 
lishes one measure for safety. On the other hand if 
there is a greater demand for power, the gas will return 
at a cooler temperature to the core and could cause 
an unstable condition to arise, if the demand were 
not met by increasing the volume of coolant flowing 
through the reactor. Another state might arise if the 
normally negative temperature-coefficient were to be- 
come positive; then the requirement for quick-acting 
control devices would become very acute. 

The coolant circuit is generally arranged so that gas 
enters the reactor at the bottom of the pressure vessel 
and flows fairly evenly through the graphite-core chan- 
nels to the top, and then out to the heat exchanger. 
The centre of the core is the region of greatest activity, 
since it is bombarded from all sides; therefore the 
greatest flow of gas is directed to the centre. 


WHAT THE CONTROLS ARE 
The neutron flux* is constantly monitored to make 
sure that the designed distribution pattern is maintained 
for all loads (Fig. 2). This pattern is adjusted by the 
introduction of absorbers in channels in the graphite 
core between those filled with fuel elements. They are 


* The neutron flux @ is actually the total distance travelled by all the free 
neutrons in a unit of volume per unit time. Neutron flux, multiplied by the 
macroscopic cross-section £ (see p. 105, Control, August), gives the number 
of interactions per unit time (because gy is the total travel of the neutron 
population (per unit time) divided by the mean individual travel), Neutron 
flux is not usually measured directly in terms of length, however, but rather 
as the product of the neutron density (number of neutrons per unit volume) 
and the mean velocity of the neutrons. Hence the units of neutron flux are 
(neutrons /cm*) (cm/sec) = n/cm*sec. Note that the neutron flux is mot the 
rate at which neutrons flow through any planar unit of area.—EDrToR. 
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trol rods are moved slowly but continuously, as neces- 
sary to trim the output. In addition there are many 
more so-called coarse control rods, which are raised to 
give the level of the power required. 

It may be opportune to remind the reader at this 
point that to obtain an increasing fission chain reaction, 
k the multiplication factor must be greater than unity: 
but having reached the required power level it is neces- 
sary to maintain it by holding & at unity. If for some 
reason all the fine and coarse rods are fully in the 
core, or are not available for control, and k becomes 
greater than unity, then other means have to be em- 
ployed to regain control. A further set of control rods 
is therefore fitted, but always withdrawn from the core 
and only dropped in an emergency to shut down the 
reactor: these rods are called emergency control rods. 

Another control system called secondary shut-down 
(s.s.d.) is used in the unlikely event of the emergency 
rods failing to drop, and one method comprises maga- 
zines filled with boron steel balls which are held by a 
valve stop at the bottom. Each of these magazines is 
iceceh ecaiusitims situated above a channel in the graphite core, placed 

position at intervals over the lattice pattern of fuel channels. 
When the valves are opened, the balls fall freely into 
tubes in the channels, and there absorb reactivity to 
shut down the reactor. Unlike the long control rods, 
balls would not be restricted by the distortion of stand- 
pipes or channels if a severe rupture of the pressure 
vessel occurred. 
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OBTAINING INFORMATION 
Flux scanning 


Neutron flux may be monitored by suspending a wire 
(of a suitable material such as tungsten) in the core 
channels for say thirty minutes, then withdrawing it 
quickly and passing it through an ionization chamber 
to measure the activity induced on the wire. The vary- 
ing signals are referred to their positions in the core; 
thus a record of the neutron flux distribution through- 
out the core is built up. 


Heat exchanger 
Water/steam circuit 






















Gas sampling for burst slugs 





Pressure vessel 
Although not primarily part of the control, sampling 
Fig. 1 Layout of nuclear reactor of the flowing gas for radio-activity is very important, 
since an increase would indicate that a fuel slug had 
burst and must be replaced. This operation could affect 
cae” power output to some degree, since it is abnormal and 
horizontal not in the ‘burnt’ fuel replacement schedule; the latter is 
carried out continuously and strictly in a predetermined 

rota, based on designed ‘ burn-up’ rate. 
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Temperature 





Core 





Thermocouples are built into the fuel slugs and they 
measure the temperature levels throughout the core. 





Fig. 2 Neutron flux distribution 








placed at various predetermined positions which give 

















the optimum neutron flux distribution. Some absorbers WHAT THE CONTROLS DO 

may consist of boron steel rods which are lowered or Control is effected by checking temperature and neu- 
raised in the core according to whether the rate of tron flux, adjusting gas flow and operating control rods, 
fission has to be decreased or increased. These fine con- and detecting burst fuel slugs and changing them. 
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A CLOSER LOOK AT CONTROL RODS 


A control rod may be 2 in. in diameter and 20 ft 
long, and it could weigh 250 Ib. If it dropped owing to 
a broken suspension cable, it could puncture the bot- 
tom of the pressure vessel—with disastrous results. To 
prevent this it is usual to introduce means for absorbing 
the kinetic energy of the falling rods, e.g. by building 
into the bottom of the rod a broach which would be 
driven into a hole in the rod if it hit the spring- 
mounted anvil under the core (Fig. 3). 



















CONTROL ROD MECHANISMS 
Winches which raise and lower the control rods are 


(Fig. 4). These pipes, which may be 6 in. in diameter, 
are welded to the pressure vessel, and terminate at the 
charge facet on top of the biological shield* over the 
pressure vessel. To facilitate the movement of vehicles 
such as charge-machines across the face, it is better to 
design the mechanisms so that they do not protrude. 

It is necessary to prevent the quick withdrawal of 
any of the control rods from the core, since this might 
cause a dangerous increasing rate of activity to occur 
(k > 1). 


Motors 


A typical maximum speed of control-rod withdrawal 
is 0.2 in./min. 

If electric motors, which operate from the a.c. 
mains, are used, the arrangement must be such that the 
speed cannot exceed the designed speed. Any potential 
source of failure must be removed from the design, 
and therefore brushes of any type are forbidden. 

One type used is a reluctance motor (Fig. 5). This 
has a low-reluctance laminated-iron path in the rotor, 
and is controlled by special low-frequency supply (q.v.). 
Another type is the synchronous motor with a per- 
manent-magnet rotor, controlled from a similar sup- 
ply. One advantage of the latter over the former is 
that, in the event of an emergency drop, the speed of 
the falling rod can be gradually reduced by bringing into 
action the motor’s natural regenerative braking. This is 
done by short-circuiting the stator windings with resist- 
ances operated by switches at predetermined positions 
reached by the rod whilst dropping into the core, 
whereas with the reluctance motor other braking 
arrangements have to be provided. 

It will be realized that such arrangements cannot 
depend on any external electrical supply, since they 
may be required to work during a fault condition. 





































Emergency drops 
When emergency control rods are required to drop 
into the reactor (so-called scram action) it is necessary 


1 LE. the floor through which the fuel slugs are passed (‘ charged *) into and 
out of the core.—EDITOR. 

*Shiciding is required against dangerous emissions from the highly radio- 
active core. Concrete is a good shielding material, but it will crack if suffici- 
ently heated by radiation, A ferrous shield is therefore customarily interposed 
between the reactor vessel and the surrounding concrete, This so-called thermal 
shield absorbs the neutrons and 7-rays that would overheat the concrete. The 
latter attenuates the remaining radiation to a level acceptable for safety of 
nce the name biological shield for this barrier.—EptToR. 
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usually designed to fit into the reactor stand-pipes ~ 
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Fig. 3 (left) Arrester for control 
rod 















Fig. 4 (below) Motor and winch 
for control rod 
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that they fall into the core a distance such that effec- 
tive control is obtained as quickly as possible. A typical 
case would be 8 ft in 1 sec. This means that the accel- 
eration from rest would be 16 ft/sec? if constant. If 
the weight of the rod is 250 Ib, then the force available 
to accelerate all the parts of the winch-driving mechan- 
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ism and overcome friction is 125 lb. It is therefore 
essential to keep the polar inertia to a minimum. It 
would be possible to uncouple the motor from the 
winch during this operation, but an effective brake 
would have to be coupled to the winch. Taking all into 
account, it appears (at least in those applications known 
to the author) that economy of mass is best with re- 
generative braking of the motor. 

If this design is used, then the gearing from motor 
to the winch should be close in ratio and very efficient. 
A typical example would be an 8/1 spur-gear train. 
Worm or skew gearing would not be as efficient. 

The quick action may be improved if the natural lay 
of the suspension cable on the drum builds up radially 
and not across the drum. The diameter of the coils is 
then at a maximum when the control rods are with- 
drawn (Fig. 6). At the commencement of drop the 
speed of rotation of the drum is the lowest referred to 
the cable speed. By this method the force required 
to accelerate the drum is small, but increases as the 
radius of the coils reduces on the drum. Thus a natural 
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Fixed pivot 


No-tension switch 





Fig. 5 (top left) Two-pole reluctance motor 
Fig. 6 (below left) Concentric winding drum 
Fig. 7 (top centre) Conic drum 


Fig. 8 (above right) No-tension device 






braking action is given later in the drop by increasing 
inertia forces, and the increasing regenerative braking 
forces of the motor with speed of cable pay-out. 

Limitations of diametral space sometimes prevent 
the use of the simple type of drum. A drum arranged 
with its axis along the stand-pipe, instead of across it, 
has no such limitation. To obtain the same desirable 
features as the simple drum, the rope grooves are cut 
spirally on a conic surface of the drum (Fig. 7). 

A lead-in pulley is necessary however, and to avoid the 
complication of a moving pulley, the drum is mounted 
on a fixed screw of pitch equal to that of the rope 
grooves. By taking off the cable tangentially coincident 
with the contact point of the spur-gear drive, frictional 
forces on the screw are reduced to negligible values. 


Monitoring and limiting devices 

It is necessary to transmit to the control desk infor- 
mation on the positions of the control rods in the re- 
actor. A synchro transmitter is driven by gearing from 
the drum for this. A one-way-drive coupling is fitted at 
the winch motor to prevent continuous lowering of the 
rod from causing the cable on the drum to wind up the 
wrong way round. In addition, limit switches are 
arranged to give visible indication of the usual top and 
bottom limits of travel. 

If a suspension cable breaks, an indicating switch is 
forcibly opened by a spring. The switch is normally 
held closed by the tension of the cable acting on a 
radius arm abutting on a limit stop and counterbalanc- 
ing the spring. The operation of the radius arm should 
not depend entirely on the spring action, since a spring 
could break. It should be arranged to operate under its 
own weight, and the spring should be compressive 
rather than tensile (Fig. 8). To be continued 
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A WORKING DEFINITION OF AUTOMATION IS THAT IT IS 
the employment of any system that completely elimin- 
ates routine human effort. On this definition it is clear 
that partial automation has already been accomplished, 
to the extent that routine use of human senses in many 
industrial plants has been largely replaced by instrumen- 
tation. Now this process is being carried still further 
by automatic analysis instruments. Similarly, the routine 
use of human muscles is being rapidly replaced by 
power actuators and servo-devices. However, in all but 
the most simple cases, the link between the instrument 
and the actuation remains the human brain. In many 
cases the decisions are quite routine, but, except where 
the routine is simple enough to be handled by a two- 
or three-term controller, there are very few examples of 
these routine adjustments being handled by automatic 
means. One reason for this has been the unreliability of 
the more complex computing devices, but this has now 
been largely overcome by improved design and the use 
of such components as transistors. Yet there is still a 
teluctance in many industries to consider investing in 


any more complex control system than a standard three- 
term controller. 


Overcoming ignorance 

There are, of course, new problems to be faced in 
installing computers in industrial plant. The most im- 
portant of these is often ignorance of the plant itself. 
Methods of obtaining the transfer function of a piece of 
chemical plant are generally long and complex, and 
their results are often difficult to interpret in terms of 
the various elements of the plant. The calculations used 
in plant design are usually relatively crude and approxi- 
mate and often refer to the steady state. Furthermore, 
the experience of the operator is qualitative rather than 
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We are just beginning the true automation of pro- 
cess plant, but too many industries are still afraid 
of going beyond the standard three-term controller 


Computers 
for process automation 


by P. F. SUTHERBY 
E.-A. Automation Systems Ltd 


exact, and his type of information is therefore rarely 
adequate for a computer program. In this article we 
shall consider some ways in which computers are now 
being used, in spite of these difficulties. 

It is possible to avoid the problem of lack of plant 
knowledge, to a large extent, by the use of a simple 
optimizing controller. This is a form of automatic ex- 
perimenting device which works between carefully con- 
trolled limits, always attempting to improve plant per- 
formance. The closest analogy is that of a man on a 
mountain in the dark; if he wishes to reach the top he 
can try always to walk uphill. In this way he will cer- 
tainly reach a peak, but he cannot prove it is the highest 
peak. He can set about the task of ascent in several 
ways. For instance, he can try to find the line of steepest 
ascent; or, more simply, he can choose a direction such 
as north-south and walk along that line until he ceases 
ascending and starts to descend. He can then turn to an 
east-west line and walk along this until he stops ascend- 
ing. If he continues the procedure, alternating north- 
south with east-west, he will reach the summit. There 
are numbers of variations and improvements on this 
basic procedure, but the principle of the optimizing 
approach is always to make experimental steps, act on 
the result of these experiments, and use very little 
accumulated or built-in plant knowledge. 

A controller (Fig. 1) working on this principle is 
relatively cheap and easy to install. It requires (a) a 
method of calculating plant performance, in order that 
the result of a step may be assessed, and (b) the ability 
to alter two or three or even more of the plant inputs 
(for example, the set points of controllers, or the set- 
tings of valves or pumps). It is usual to put limits on 
the range of these alterations in order to ensure that the 
plant is not taken into a dangerous working condition. 
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This type of unit finds its greatest use in plants where 
the optimum conditions are continuously varying, so 
that no single set of experiments can find the best 
operating conditions. A specification can also be main- 


Fig. 1 The Elliott Optimat, an optimizing controller 


tained at the same time, by the same optimizing unit, 
with very little increase in complexity. 

Optimizers are really highly refined versions of a 
simple on-off regulator, but their most notable ability 
is to control in cases where the slope of an effect 
reverses. That is, if plant output is improved by in- 
creasing the setting of a valve up to a certain point, and 
above this point the output diminishes, then a conven- 
tional controller, continuous or on-off, will not be stable 
on both sides of the peak output. Optimizers, on the 
other hand, can either maintain a fixed point on one 
side or other of this peak, while optimizing some other 
function, or they can find the peak while maintaining 
some other specification. 

There are limitations to this type of device, since it 
must allow the plant to settle after each change in input 
conditions before it can read the state of the output, 
and this time can make the overall optimization very 
slow. In cases such as this a more refined procedure 
may be required, possibly using a general-purpose com- 
puter requiring more plant knowledge, either built in or 
deduced by the computer as part of its normal optimiz- 
ing function. 


Learning from a simulator 

In cases where it is necessary to find out more about 
plant response it is possible to use an analogue of the 
plant. A general-purpose analogue computer can be 
used (Fig. 2), or in certain cases it may be worth build- 
ing a special simulator. This can be constructed from an 
initial study of the plant, and if necessary its perform- 
ance can be adapted until it corresponds closely enough 
to the full-scale plant. The simulator can then be used 
to test various forms of control scheme, or the transfer 
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functions of sections of the plant can be taken to be 
those of the corresponding section of the simulator. 

The great advantage of this approach is that the 
simulator always bears a working resemblance to the 
plant; nearly every voltage represents a physical 
quantity which may be measured on the plant, while 
many potentiometer adjustments correspond directly to 
changing settings on the plant. Experiments can also 
be carried out on any convenient time scale. However, 
there are also many difficulties. Some arise from the 
complex mathematical expressions which govern, for in- 
stance, the flow of imperfect liquids or suspensions, and 
others come from the difficulty of dealing with partial 
differential equations. These difficulties also arise in any 
mathematical treatment of a plant, but in most simula- 
tions approximations are necessary to reduce the num- 
ber of amplifiers used. 

The problem of simulation on a large machine has 
been greatly eased by modern developments such as 
patch panel programming and (on very large machines) 
tape setting of coefficient potentiometers. Many studies, 
some of them of considerable scope, have been carried 
out on machines of this type, and although most of 
these studies have referred to existing plant, there has 
also been some examination of plant still in the design 


Fig. 2 The G.P.A.C. Mk. 11 analogue computer 


stage. It is only in the field of nuclear power-station 
design, however, that analogue-computer control studies 
have become an accepted part of the design procedure. 


Flexibility of digital computers 

An alternative approach to control, where exact plant 
knowledge is limited, involves use of the great flexibility 
of a stored-program digital computer such as that shown 
in Fig. 3. If one of these machines is installed in a 
plant where knowledge is not immediately available for 
full computer control, it can initially be used to investi- 
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gate the plant. The program of its operations can then 
be adapted progressively to greater control of the plant 
as experience is gained. 

This process of plant investigation can be carried on 
as part of a data-reduction system since, except at very 
high scanning rates, the computer will have a great deal 





Fig. 3 A Panellit 1SI609 installation 


of time to spare for computation of useful information, 
performance analysis, and operating guides. 

There is a parallel to this development program in 
the use of computers in the business field, where appli- 
cations are usually commissioned progressively over a 
considerable period. This is a more rapid method of 
obtaining some of the advantages of computer control 
than by use of a performance recorder and analysis by 
an off-line computer. It would still be possible to arrange 
that a special-purpose computer replaced the general- 
purpose machine when the control routine was fully 
worked out, if this proved to be economical, and the 
general-purpose machine could then be used in another 
part of the plant. It is more likely that the use of the 
general-purpose machine could be expanded up to its 
full capacity in its original location. 

The limitations imposed by lack of plant knowledge 
imply that many of the more striking uses of computers 
in control in the next few years will be in applications 
that are closer to data processing than to complete 
control of continuous plant, since the requirements of a 
data-processing scheme can in general be defined rela- 
tively easily. 


Batch processes 

There are many situations of this nature in batch 
processes, or where continuous processes are matched 
to batch processes, and in these a computer can be of 
great assistance in improving organization and data 
handling, and simple calculations can provide significant 
improvements. A typical example of this is an applica- 
tion in an English steel-works, where steel billets are 
cut from lengths of up to 450 ft into pieces between 
30 ft and 18 in. long. Since this is done at three cutting 
points, there are many cases — particularly with the 
longer finished length—where considerable wastage can 
result. The computer is therefore arranged to measure 
the length of steel, as it is rolled, by means of a self- 
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calibrating system. This length, the required length, and 
the tolerance of the final billet, are used to derive 
the optimum cutting lengths at the three shears, subject 
to the restrictions of plant layout. The calculation takes 
into account the probability of shearing inaccuracies in 
the equipment used. The cutting instructions are then 
transmitted to each operator in turn as the steel reaches 
him. Simple in application as it is, this use of a general- 
purpose computer is well justified, and the spare capa- 
city of the machine can be developed at a later stage 
to perform other control functions. 


Starting up complex plant 

A further field for computer control is the starting-up 
of complex plant. The use of a stored program is a 
great advantage here, since one program can be used 
for starting up and progressively replaced in the store 
by the normal running program as starting up proceeds. 
These ideas for the use of general-purpose computers, 
and descriptions of some American applications, have 
been dealt with in more detail by Morley and Wood 
in two recent articles in Control*. 


Computer echelons 


In general, the type of application so far considered 
for computer control requires a small- to medium-size 
computer (such as are now available) of perhaps 1000 
to 4000 words immediate-access storage with, in some 
cases, a magnetic drum or film store to back this up. 
In more complex cases, where the amount of calculation 
and data is greater than can be handled by a single 
machine of this size, it is necessary to consider the 
choice between more small machines and a larger single 
machine. It is accepted that the computer, in general, 
should position the set points of conventional control- 
lers rather than control actuators directly; not only does 
this relieve the computer of a great deal of repetitive 
checking, but it also means that the computer can be 
switched out and the plant will continue to run, since 
the signals from the computer are only used to modify 
settings. The use of several small computers in a com- 
plex scheme is an extension of this idea for the plant, 
and they can be linked to a central computer which 
collects information and issues instructions to the local 
computers to modify their procedure. On this principle 
of arranging computer echelons in the same way as 
levels of management, a computer control scheme can 
be developed in stages. An additional advantage of this 
approach is that failure of any single link in the chain 
does not bring the whole plant to a halt, but only lowers 
the efficiency of one section. 

It is significant that more than 38 computers have 
now been sold in the United States for on-line applica- 
tion, and a market of sixty has been predicted for this 
year. The use of computers in direct connexion with 
process plant is only just starting, but it is the beginning 
of true automation, with all its tremendous implications 
of improved quality and output. 





* * Process control by computer ’ by R. A. Morley “and M. B. Wood; May 
1960, p. 144ff, and June 1960, p. 86ff.—EprrorR. 





Controversy over this theory is spreading to western countries. 
Does it add anything to the armoury of the control engineer, or 
is it just a piece of mathematical embroidery ? 


The theory of invariance 


by L. FINKELSTEIN, M.SC., A.INST.P. 
Northampton College of Advanced Technology 


SOVIET WORKERS IN CONTROL ENGINEERING HAVE IN 
recent years shown considerable interest in the Theory 
of invariance, that is, the study of the conditions under 
which an output (or outputs) of a system is unaffected 
by one or more of the inputs. Work on the theory of 
invariance was started by G. B. Shchipanov (/), whose 
original paper was strongly criticized. The ideas were 
taken up and developed by others, among whom V. S. 
Kulebakin, N. N. Luzin, B. N. Petrov and A. G. 
Ivakhnenko deserve special mention. An extensive liter- 
ature on invariance has been published; the proceedings 
of a conference on this subject, held in Kiev in October 
1958 (2), contains many bibliographical references. 
Three papers were given at the recent first congress of 
I.F.A.C. in Moscow (3). A series of lectures based on 
invariance and allied topics was given in this country 
recently by Prof. A. G. Ivakhnenko, and was reported 
in Control (4). 


| Cybernetic «: 
Psystem © 


The theory of invariance is concerned with some of 
the most fundamental problems of control engineering, 
but most of the literature is not easily accessible in the 
west. I therefore hope that this summary of some of the 
principal ideas of the theory, confined (for clarity) to 
linear systems with lumped parameters, will serve a 
useful purpose. 


Equations of a linear cybernetic system 

Consider a linear cybernetic system, ie. a system 
which maintains definite relations among a number of 
physical variables, the relations between the variables 
being expressed by linear differential equations with 
constant coefficients. The independent variables of the 
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system are termed the inputs and the dependent vari- 
ables, outputs. 

Let the inputs be denoted by @,, 42, 05, ... 0;, ... Om 
and the outputs by ¢,, de, os, .-.. x... bm (Fig. 1). 
The behaviour of the system can then be represented 
by the following system of differential equations: 


Angi + And: ... tAnde ... + ArmmGa=Bid, + Bi: O:...4+BiyO;...+ Bin On 
And: + Azd: ... + Andr ... t+ Amd 


BO, + Be O:...4+B:0;...+ BiemOn 


+ Amtgde ... + Ammdm = Bu Oi+ Bw 2O:... + Bu 05... 


where A,, ... Amm and B,,...Bmm are polynomials in 
the operator D = d/dt, with constant coefficients. The 
operator polynomials A represent the dynamic proper- 
ties of the system elements and the effects of signals 
derived from the outputs, i.e. feedback signals, while 
the polynomials B represent the effect of signals derived 
from the inputs, i.e. feedforward signals. There is no 
loss of generality in considering a system in which the 
number of inputs and outputs is equal. If the number 
of inputs is less than the number of outputs, it is pos- 
sible to define the necessary additional inputs to be 
zero; while when the number of outputs is less than the 
number of inputs, the excess can be eliminated by com- 
bining those which directly aid or oppose each other. 
The set of equations is in practical cases linearly inde- 
pendent because of the uniqueness of the response of a 
linear system to a given set of inputs. 
From the system differential equations 1 the outputs 
of the system can be expressed in the form 
O¢r = Px (2) 
where 
Az . > Am 
As ‘ : Arm 
Aan 
0s.» + BeOab Arion... As 
po cee * Bie On) Arcton «.. 


cee Ater) (BaiOs+ Braids... + BO) ... + Bam On) Amiren 


CONTROL November 1960 








om- 
ther. 
nde- 
of a 


puts 


(2) 





Expanding the determinant P,, equation 2 can be 
expressed in the form: 


Ode = PxiO1 + Pus: ... + Prj0; ... + PemOm (5) 
where 
Aun Au ..- Awe 1) By A n+1) ca io 
An Ay .- Asaa-n B.; Ansty eee A im 
Bag Be a iicceienedthatewdiwarecdacn tewnceduacabens (6) 


Ans Aes «.. Ann Bas Aca «... Ane 
The contribution of the input 6; to the output ¢ 
can be denoted by ¢;,; where Odi; = Px;4; (7) 
It should be noted that the determinant Q contains 
only terms describing the dynamic properties of the 
system elements and feedback loops, while the determin- 
ant P,; contains only terms relating to outputs other 
than ¢, and to feedforward signals from the input 6;. — 


Conditions of invariance 


The purpose of a control system is either to render 
the controlled variable independent of input distur- 
bances, or to cause a controlled variable to vary in 
exact agreement with an input. In the latter case the 
error should be independent of the command input 
and the controlled variable of all disturbance inputs. 
Thus the main purpose of a control system is the 
achievement of the conditions of invariance, i.e. the 
independence of some output or outputs of the system 
from one or more of the inputs. These conditions will 
now be considered for the general linear system des- 
cribed by equations 1. 

The conditions of invariance of the output under 
consideration ¢; with respect to 4; are that ¢,,;, the con- 
tribution of 6; to x, should be zero. They are thus 
expressed by the equation of invariance 

dey = (Pr; /Q)0,; = 0. (8) 
The above equation is of course satisfied if 0; is equal 
to zero, but this is a trivial condition since it merely 
means that if the input is zero it does not contribute to 
the output. 

The equation of invariance is also satisfied if 

Pi; =0 (9) 

If this condition is satisfied, initial conditions are 
zero, and 6; is any analytic function, holomorphic at 
the origin of time, then ¢,; is identically equal to zero, 
throughout the interval of time over which 6; is holo- 
morphic. With such initial conditions, for any input 
function having the characteristics stated above, the 
output is completely unaffected by the input. With dif- 
ferent initial conditions, or if the input is not a holo- 
morphic function, steady-state invariance is achieved, 
but there will be a free transient output. Condition 9 
is termed the condition of absolute invariance. 

P,; can be made to satisfy the condition of absolute 
invariance by suitable feedforward links from the input 
6; and suitable feedback links from outputs other than 
¢x. Feedforward links from inputs other than 6;, and 
feedback links from the output ¢,, do not affect the 
determinant P;;, and hence cannot be used to achieve 
the condition of absolute invariance. It has further been 
shown that in order to satisfy this condition there must 
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be in the system at least two paths between the input 
4; and the point of measurement of the output ¢;. The 
impossibility of achieving absolute invariance of a con- 
trolled variable by feedback from that variable is one 
of the fundamental facts of feedback control. 

Another sufficient condition for the equation of invar- 
iance to be satisfied is 1/Q = 0 (10) 


Under this condition, as can be seen from equations 
5 and 7, ¢, is absolutely invariant with respect to ‘all 
inputs. The exact equality of 1/Q to zero cannot in 
general be realized in practical control systems, since 
it requires components with infinite parameters. Where 
this cannot be achieved 1/Q may be reduced to a small 
value, leading to a condition of approximate invariance. 
The adjustment of Q to attain invariance is, of course, 
carried out by selection of suitable system elements and 
feedback links. 

If neither of the conditions 9 or 10 is satisfied, the 
equation of invariance 8 may still be satisfied for one 
or more specific forms of the input function. Thus for 
a specific input, say 8; we may have 


oxy = (Px; /Q)0; = 0, Prs/Q0 (11) 


For a specified function of time such as 6;, it is in 
general possible to find a function of D, say K(D), such 


that K(D)e, = 0 (12) 
For example for 0; = wf, K(D) = D? 

since D*(wt) = 0 (13) 

In general K(D) = 1/6,(D) (14) 


where @,(s) is the Laplace transform of 9). 
Now if K(D) is a factor of P,;/Q, say 


Px;/Q = C(D)K(D) (15) 
then from equations 7, 12 and 15 we have 


guy = (Prs/Q)8, = C(D)K(D)0; = 0 (16) 
This form of invariance ensures independence of the 
output from certain forms of the input, no matter what 
the input magnitude is. Only the steady-state contribu- 
tion of the input to the output is eliminated however, 
and there is a transient output. The condition of invar- 
iance 15 can be achieved by making K(D) a factor of 
either P,; or 1/Q (so long as 1/K(D) is not the factor 
of the other). In the former case, the required form of 
P,; is achieved by feedforward links from the input @;, 
and feedback links from outputs other than ¢,, and the 
output is invariant with respect to the input 6; only. 
In the case where K(D) as a factor of 1/Q is achieved 
by adjustment of feedback links, invariance with respect 
to the specified form of all inputs is attained. The 
elimination of steady-state position error by integral con- 
trol is a well-known example of invariance with respect 
to certain forms of input. 
In addition to the conditions of invariance arising 
from the equation of invariance 18, it can be seen from 
equation 5 that ¢, will be invariant with respect to inputs 


6; and 6; if (Pxi/Q)0; + (Pr;/Q)O; = 0 (17) 
However, this equation is, in general, only satisfied 
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for certain inputs, specified in magnitude as well as 
form. For these inputs both steady-state and transient 
output invariance is attained. 


Examples of invariance in simple systems 
The Wheatstone bridge is a simple system which is 
often used in the literature to illustrate invariance. Con- 
sider the circuit shown in Fig. 2. The voltage v(t) can be 
treated as an input with the currents as outputs. The 
equations of the network are 
(Ri + Rs)ir + Rei: + Rsis = v0) 


Ri: > R:i: — Rsis = 0 (18) 
(Ri + Ry + Rs)i: — Rai: + Rais = 0 


This set of equations is a particular case of the gen- 
eral set of equations 1 (with two additional zero inputs 
defined). 

Solving equations 18 for i,, the current in BD, 


1 R: Rs 
o R. aver R; 
0 The Rs 





= . . * v(t) (19) 
(Ri + Rs) R, Rs 
| R, R; Rs 
(R, + R, + Rs) ee R, R; 

From this it can be seen that i, is the invariant with 
respect to v(t) when the numerator of the fraction in 
equation 19 vanishes, that is when 

R:R; 7, R;R, =0 (20) 
the balance condition of a Wheatstone bridge. 
B 


D 
v(t) 


Fig. 2 

Invariance of i, with respect to v(t) can also be 
achieved by making the denominator of the fraction 
in equation 19 infinite. This can be done by making 
R, infinite. This simply means that if the diagonal arm 
is Open-circuited, the current in it will be zero and 
independent of the bridge voltage. By making R, large, 
approximate invariance is obtained. 

If a capacitor were placed in the diagonal arm BD, 
it would mean that the steady-state current in the arm 
would be independent of step changes of bridge voltage 
(though not of course of harmonic changes). 

Another example of a simple system is the control 
system shown in Fig. 3. The controlled quantity is the 
output of a simple element characterized by a gain K 
and a single time constant +. The control is accom- 
plished by a single feedback link and a feedforward 
link, described by differential-operator terms A and B 
respectively. If the input to the system is denoted by 6 
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and the controlled variable and the error are denoted by 
¢, and ¢,, and defined as the outputs of the system, 
(1/K\(rD + 1)¢: — ¢: = BO, Agi + o: = @ (21) 
These equations are again a particular case of the gen- 
eral equations 1. 
Solving equations 21 we obtain an expression for the 
error: 
[C/KXeD + 1) 5 
A 1 
¢: = ———_———__ 6 (22) 
[C/K + 1) Ta 
A 1 
Absolute invariance of ¢, with respect to @ is attained 
when AB = (1/K)(+D + 1) (23) 


It can be seen that the feedforward link or its equiva- 
lent is essential to achieve absolute invariance, as there 
must be at least two paths between the input and the 
point of measurement of ¢,. 

It can be seen from equation 22 that without the 
feedforward link approximate invariance can be attained 
by having a large gain in the feedback loop. 


Conclusions 

Before drawing any conclusions about the theory of 
invariance it is necessary to emphasize that this short 
survey cannot do full justice to the breadth and rigour 
of the investigations carried out in this field, mainly it 
appears in the Soviet Union. 

The study of invariance is of some interest. It has 
produced a very satisfactory and general theoretical 
treatment of some fundamental problems of control. 

Some of the conclusions have been merely mathe- 
matical formulations of well-known facts. The theory of 
invariance has however given impetus to much rigorous 
study of the theory of control systems. Most important 
of all, it has drawn renewed attention to the advantages 
of the more general use of feedforward in combination 
with feedback, and has directed the consideration of 
engineers to greater use of this form of control. 

Further work on invariance and allied topics lies in 
such fields as the application of this theory in system 
design, and the achievement of invariance in practical 
control systems by combining feedforward with feed- 
back. There is also a need, in this as in many other fields 
of control engineering, for a comprehensive and critical 
review of Soviet work. 


References 


1. Shchipanov, G. B.: * Teorija i metodi projektironvanija regulatorov (Theory 
= methods of design of regulators)’, Avtomatika a Telemekhanika No, 1 
1939, 

. * Teorija invariantnosti i jeje primenenijey avtomaticheskikh ustrojstvakh, 
(Theory of Invariance and its application in automatic systems)’, Proceed- 
ings of a Conference, Kiev, October 1958. 

3. Proceedings of the First International Congress of 1.F.A.C, in Moscow, 
June 1960. The papers of A. G. Ivakhnenko, V. S, Kalebakin and B. N. 
Petrov. 

. Williams, G. M. E.: ‘ Back and forward’, Control, May 1960. 


2 


CONTROL November 1960 


B2Setae BTSs 


sof. {| £2Sax7ry 


o 









(21) 
en- 


the 


(22) 


ined 
(23) 
liva- 
here 

the 


the 
‘ined 


ry of 
short 
igour 
aly it 


t has 
etical 
y1. 

athe- 
ry of 
orous 
yrtant 
tages 
lation 
on of 


jies in 
ystem 
ctical 

feed- 
' fields 
ritical 


(Theory 
ka No, 1 


ojstvakh, 
Proceed- 


Moscow, 
nd B, N. 





Traditional design procedures, without 
stability or response calculations, can 
lead to chaos during the commissioning 
of plant and poor performance later 


Boiler feed discharge systems under changing load 
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by A. J. MORTON, M.SC., A.M.I.MECH.E. 


THE TRADITIONAL PROCEDURE OF DESIGNING CONTROL 
systems for steam power plant largely by inspired 
guesswork, without any stability or response calcula- 
tions, is becoming inadequate for modern plant. Chaos 
can occur during the commissioning of equipment 
designed in this way, jeopardizing the machinery and 
causing expensive delays. Even when successfully com- 
missioned, the equipment may give a performance 
which is far from the optimum, restricting freedom of 
operation and leading to general distrust and cynicism. 
A particularly pressing problem is the control of 
water level in highly rated boilers, and this article 
represents a first attempt to analyse the behaviour of a 
feed discharge system, including pump, driving turbine, 
governor and downstream pipework. A complete study 
of the problem would cover the equally important sub- 
jects of conditions inside the boiler and the characteris- 
tics of the feed regulator control system, but the pre- 
sent limited investigation brings to light some facts 
which, besides being useful in themselves, may serve 
to encourage further efforts along the same lines. Some 
evidence from actual trials, which will be briefly men- 
tioned, gives encouraging confirmation of the analysis. 
The complete water-level control loop includes the 
pump, governor, discharge system, regulating valve and 
its control system, and the boiler itself, and this must 
be considered as a whole in any really adequate theory 
of stability. Consideration of the individual sub-assem- 
blies is an essential preliminary to the development of 
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such a theory, and this article is therefore intended as 
a limited but necessary contribution to a much larger 
whole. 

The mathematical technique here employed does not 
enable us to predict the character of large oscillations, 
or the response to large disturbances, but it does permit 
this to be done for small disturbances, and hence makes 
possible a prediction as to whether or not such distur- 
bances will die away or increase indefinitely. This is 
the criterion of stability, which is therefore determinate 
from the present theory for the components considered. 


FUNDAMENTAL RELATIONS 

Basic 

The usefulness of the theory culminating in equations 
15, 17, 20 and 23 depends on the validity of the 
assumptions on which it is based. In making these 
assumptions, the object has been to represent reason- 
ably the known or probable characteristics of the engin- 
eering components without unmanageable mathematics. 

The principal difficulty in constructing any theory of 
this sort is to decide which factors may be neglected 
with safety. This is an engineering problem which calls 
for much more than a mere theoretical understanding 
of the physical laws involved; it requires in addition a 
very close acquaintance with the actual operational 
behaviour of complete steam plants and all their com- 
ponents. It is therefore very easy to construct a theory 
which, though perfectly correct mathematically, is prac- 
tically worthless because of an incorrect assumption 
or a neglected factor, and all analytical results, includ- 
ing the present ones, must be treated with reserve until 
confirmed experimentally. 















Pressure 


Boiler 
drum 
pressure 


Fiow rate 
Fig. 1 Low- and high-load operating zones 


The following principal assumptions are made in the 
present work: 


1. All disturbances are assumed to be small, so that the rele- 
vant characteristic curves are effectively straight lines in 
the zone concerned. Numerical results which depend on 
the slopes of characteristics will therefore apply only in 
the region of one particular load. This excludes non-linear 
equations and simplifies the mathematics. 

. The pressure drop in a given system is assumed to be pro- 
portional to the square of the flow. 

. Elasticity of the water and piping is neglected. This means 
that the theory applies only to oscillations whose periodic 
time is much greater than the time required for a pressure 
wave to travel through the discharge system. 

. The boiler drum pressure is assumed constant. In actual 
fact, the drum pressure is affected by feeding rate, and the 
present theory therefore requires modification if applied 
to events slow enough for appreciable changes in drum 
pressure to occur from this cause. This appears unlikely 
except for oscillations having a period of many seconds, 
but such oscillations may be important in considering the 
behaviour of the complete water-level control loop. 

5. Mechanical friction and backlash in the governor of the 
feed-pump driving-turbine are ignored. 

6. Pump and turbine characteristics are as detailed later. 


Discharge system 

The general form of the pump and system charac- 
teristics is shown in Fig. 1, in which the constant-speed 
curves for the pump are shown intersecting the various 
system resistance lines, each of which corresponds to 
a given setting of the feed regulator. A large increase 
in load will involve a shift of the operating zone from 
the area near O, to that near O., and owing to the 
change in slope and spacing of the characteristics this 

Fig. 2 Pump and system characteristics in typical operating 


zone 
System resistance 
curves for 
different regulator 
settings (gradient = Ks) 


Pressure 


Gauge pressure 


Total flow,q 


shift cannot be represented by linear equations. For 
small changes in the vicinity of O, or O., however, the 
characteristics may be regarded as straight lines, and a 
small portion of the complete diagram is shown in Fig. 2, 
in which the point O represents any convenient origin 
which is somewhere near the operating zone and from 
which pressure and flow can be measured. 

The system resistance depends on the feed regulator 
opening, and any small change in the lift y of this 
valve will cause the relevant portion of the system 
resistance line to be shifted parallel to itself, thus alter- 
ing the value of Py, which is the system resistance at 
zero flow when both pressure and flow are measured 
from the arbitrary datum adopted above. By defining 
the regulating valve lift y as zero when it is such as to 
make P, zero, and considering small changes only, we 
may write P, = — KsrY (1) 
At any flow Q, the system resistance Ps, still measured 
from the same datum, is 

P, = P, + KsQ (2) 
or P; = KsQ — Kry (3) 

If Pp is the pump discharge pressure, measured from 
the same datum as Ps, the force available for increas- 
ing the velocity Q/A of the mass Alp of water in a dis- 
charge pipe of length / and uniform cross-sectional area 
A is 


A(Py — Ps) = Alp.D& 


using the operator D to denote differentiation with 
respect to time. Hence 


A 


If the discharge system consists of several lengths 
l,, 1, ... of respective cross-sectional areas, A,, A: .. 
the term /p/A must be replaced by 


Cheba.) 
A, Az 


Centrifugal pump 
Pump and turbine 
The discharge pressure is a function of rotational speed 
and flow, small changes in these quantities being linearly 
related by the expression 

Pp = KpN — KQ (5) 
in which Kp andXKg are positive constants for most feed 
pumps. This is illustrated in Fig. 2. 

The resisting torque T, experienced by a centrifugal 
pump rotor increases partly with speed N and partly 
with flow Q. For small changes, therefore, 

Tp = KyN + KrQ (6) 
This implies that torque is defined as. zero when the 
pump operating point B coincides with the arbitrary 
origin O in Fig. 2. 

In the case of a turbo-driven pump, the driving 
torque exerted by the turbine increases with the governor 
valve lift x but diminishes with speed N when the valve 
lift remains unchanged. Hence 

Tp = To + Kex — KyN (7) 
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SYMBOL DEFINITION DIMENSIONS 
A Cross-sectional area of discharge pipe ft? 
C __ Equilibrium value of feed flow when 

regulating valve is set to opening 

defined as zero ft?/s 
C, Increase in equilibrium value of feed 

flow per unit increase in regulating 

valve opening ft?/s 
D Operator denoting differentiation 

with respect to time — 
e Exponential function — 


f(D) | Polynomial functions of D — 
! 


Moment of inertia of rotating parts 
of pump and driving turbine Ib ft s? 
) Meer ~ 
K, Decrease in turbine driving torque 
unit increase in speed at constant 
governor valve lift lb ft s 
K, Decrease in system resistance per unit 
increase in feed regulating valve lift 
at constant flow Ib /ft® 
K, Increase in turbine driving torque 
per unit increase in governor valve 
lift at constant speed Ib 
K, Increase in pump discharge pressure 
per unit increase in speed at constant 
flow Ib s/ft? 
q Decrease in pump discharge pressure 
per unit increase in flow at constant 
speed Ib s/ft5 
K, Increase in pump resisting torque 
per unit increase in flow at constant 
speed Ib s/ft? 
K, Increase in system resistance per unit 
increase in flow at constant regulator 
setting Ib s/ft5 
K, Increase in pump resisting torque 
per unit increase in speed at constant 


flow Ib ft s 
K,, Decrease in governor valve lift per 


unit increase in speed (speed governed 


pumps only) fts 
Ky, Decrease in governor valve lift per 


unit increase in pump discharge pres- 
sure at constant flow (pressure 


The constant JT» is required because, for consistency, 
Tp must be measured from the same datum as Tx, as 
defined above. 

The difference between the driving and resisting 
torques determines the angular acceleration of the pump 
rotor according to the law 

Tp — Ta = zIDN/30 (8) 
Governor 
An ideal constant-speed pump which never departed 
from its equilibrium speed, despite variations in load, 
would be represented by the further equation 
N=0 (9) 

For a normal speed governor in which valve lift 

diminishes as speed increases, 

x= —K,N (10) 
so that x is zero whenever the pump is operating on 
the constant-speed line N = 0 (see Fig. 2). 

For a simple pressure governor in which valve lift 
diminishes as discharge pressure increases (see Fig. A 
in heading illustration) 

x = — KyPp (11) 
In this case x is zero whenever the discharge pressure 
falls to the arbitrary datum shown in Fig. 2. 

A type of governor has been developed in recent 

years which is similar to a pressure governor, but 
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NOMENCLATURE 


SYMBOL DEFINITION 


DIMENSIONS 
governed and venturi governed 
pumps only) ft? /Ib 
Ky Increase in governor valve lift per 
unit increase in flow at constant 
pump discharge pressure (venturi 
governed pumps only) s/ft? 
l Length of discharge pipe ft 
N_ Rotational speed measured from 


arbitrary datum rev/min 
n Absolute rotational speed rev/min 
P, Pump discharge pressure measured 
from arbitrary datum Ib /ft? 
Py Pump discharge pressure (gauge) Ib / ft? 
P, System resistance measure from arbi- 
trary datum lb/ft? 
Pp, Absolute system resistance lb/ft? 
Q Feed flow through pump and system 
measured from arbitrary datum ft?/s 
q__ Absolute feed flow ft? /s 
q’ Equilibrium value of absolute feed 
flow at a given regulator opening ft? /s 
s Laplace operator — 
» | Exponential delays in response of 
: flow rate to regulator adjustment s 
8 
T, Turbine driving torque measured 
arbitrary datum Ib ft 
T, Pump resisting torque measured 
from arbitrary datum Ib ft 
t, Absolute pump resisting torque at 
speed n Ib ft 
tao Absolute pump resisting torque at 
speed n and zero absolute flow Ib ft 
x Lift of turbine governor valve mea- 
sured from arbitrary zero ft 
y Lift of feed regulating valve mea- 
sured from arbitrary zero ft 
p Density of water handled by feed 


pump Ib s?/ft* 
¢ Phase lag between feed regulator 
movement and feed flow rate — 
« Angular velocity of rotating vector 
corresponding to an oscillation of 
frequency w/27 = 





incorporates a device for increasing the discharge pres- 
sure as the flow increases. This compensates approxi- 
mately for the increased pressure-drop in the discharge 
system and allows a more constant pressure-drop to 
be maintained across the feed regulating valve at all 
loads. Fig. B in our heading illustration is a sketch of 
such a governor, the upper cylinder being open to pump 
discharge pressure and the lower connected to the 
throat of a venturi in the pump discharge pipe. At high 
rates of flow, the greater pressure-difference between 
the inlet and throat of the venturi assists the governor 
spring to open the steam valve further than would be the 
case with the simple pressure governor, shown as 
Fig. A in the heading illustration. 

For a venturi governor of this type, the equation for 

the lift of the governor steam valve is 

x = — KwPp + KyQ (12) 
where P, and Q are measured from the datum levels 
shown in Fig. 2. 

Equations 10-12 are of course valid only for 
governors which respond at once to changed conditions. 
If the response is sluggish, a time constant is introduced 
which no one is ever likely to know with any accuracy. 
It is assumed throughout the following work that the 
governor is not sluggish. To be continued 
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NO. 1 OF A NEW SERIES 





These are the basic ideas to grasp before going on 
to complex frequency analysis and root locus methods 


Pole-zero approach 





to system analysis 


by P. F. BLACKMAN 
Imperial College of Science and Technology 


IN ANALYSIS AND DESIGN OF CONTROL SYSTEMS A 
dominant part is played by the concept of frequency 
response, either for individual portions of a system or 
for an entire system. A knowledge of frequency response 
characteristics for various types of components and 
situations is part of the normal analytic equipment of 
every control engineer. 

Although the basic form in which the characteristics 
of a unit may be represented is a differential equation, 
this form is tedious and unwieldy for use to investigate 
two of the standard types of problem that arise. First, 
to predict the performance of several units when con- 
nected together; and second, how this performance may 
be modified when loops are closed in the system. To 
make such problems manageable it is normally assumed 
that adequate information can be obtained if all varia- 
tions in the system are considered to be sinusoidal, then 
the differential equations can be converted into fre- 
quency response expressions. These expressions, which 
allow system performance to be investigated by appro- 
pfiate multiplication, addition and related techniques, 
so often form the starting point of analysis that it is 
easy to forget that they originate from differential 
equations. 

Analysis and design can be carried out entirely in 
terms of frequency responses, but the designer is often 
ultimately concerned with the transient response of a 
system. Direct links between frequency response and 
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the corresponding transient response are somewhat 
tenuous, and in practice the frequency response charac- 
teristic is adjusted using various design criteria which 
will normally result in a satisfactory transient response. 
The idea of sinusoidal oscillations for general analysis 
has been extended to the use of oscillations varying in 
amplitude exponentially with time, so-called complex 
frequencies, and these have been applied as the root 
locus method developed by Evans (/) for closed-loop 
system investigation. These methods, which describe 
units and systems by a pattern of points (poles and 
zeros) in a plane, have certain attractive features when 
compared with normal frequency response techniques. 
With these methods the pole-zero pattern of a unit 
or system is the basic item of information which forms 
the starting point of analysis, and from this pattern 
spring both the normal frequency response and the 
corresponding transient response. This permits a more 
direct link to be established between frequency response 
and transient response, both of these being manifesta- 
tions of the basic pole-zero pattern. In addition much 
of the analysis can be interpreted graphically, which is 
a very valuable feature enabling one to obtain qualita- 
tive information relatively easily in complicated or 
unusual situations which are not so readily amenable 
to normal frequency response analysis. As well as hav- 
ing these qualitative advantages, the methods can also 
yield detailed numerical results, and are more easily 
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adapted to the problem of obtaining expressions for 
the transient response of systems. 

These methods have much more extensive applica- 
tions than purely to control systems, being generally 
applicable to any situation governed by linear differen- 
tial equations. This considerably widens their scope. 


Frequency response of a simple system 


In order to develop complex frequency analysis ideas, 
it is useful to review initially some features of linear 
constant-coefficient differential equations which are par- 
ticularly relevant to this method of analysis. A conven- 
ient starting point is to consider the simple spring-mass 
system of Fig. 1. 


















Fig. 1 Simple spring-mass 
system 


Suppose that it is required to investigate the motion 
of the mass (the output) for some motion of the free 
end of the spring (the input). The mass M is free to 
move horizontally without friction, and the two co-or- 
dinates x;, x,, represent displacements of input and out- 
put respectively. Consideration of the force balance of 
the system enables one to write the following equation: 








Kin + xyes 
or dr? 
vs e* + Xo = X%} 

K dt? 


where K is the spring rate in force per unit change of 
length. This equation is quite general in that it relates 


mt 


Fig. 2 Frequency 
response of spring- 
mass-system 





to instantaneous force balance and does not depend on 
any particular form of assumed input motion. 

Since the choice of input motion is arbitrary it is con- 
venient to choose a sinusoidal displacement oscillation 
x; = X,sinojt 
where X; gives the magnitude of the input displacement. 
The solution of the equation x,, may be found by guess- 
ing a possible solution and investigating whether the 
solution satisfies the equation. An initial guess might be 
X, = X,Sinw;t 
in which an output of the same frequency is anticipated 


since the system is linear, and this may be substituted 
to yield 


— ee + X,sinw;t = X;sina;t 
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so that sinw;t can be cancelled throughout, giving as a 
final relation 


> ae 1 

X; 1-—0*M/K 

This expression gives the relative input and output 
motion as a function of M, K, «;, and is shown in gen- 
eral magnitude and phase form in Fig. 2, to give the 


usual frequency response or resonance curve, indicating 
that |**/, | is finite for all frequencies other than 





oj = V¥ lu 
where the output motion theoretically becomes infinite 
for a finite input motion. Below and above this fre- 
quency the output and input motions are in phase and 
out of phase respectively. 
The situation considered so far represents the steady 
state solution of the equation in the sense that the out- 


Fig. 3 Spring-mass system 
response for wo = V(K/2M) 















put is purely the response due to a continuously main- 
tained input. For example, if the input frequency is 
chosen as 
wo; = V* lou 
substitution into the expression for relative input and 
output motion gives 
X;/X, = 1/01 — 3) =2 

implying that for an input 

x; = Xjsin\/*/oy*t 
the output is 

X, = 2Xjsin\/*/oy*t 
with twice the magnitude, but in phase as in Fig. 3. 


System natural frequency 

Although the response of the spring-mass system has 
been considered in the presence of a continuous input 
at a particular frequency ;, in which case the output is 


xo 





Equilibrium} 
E xl 





Fig. 4 System displaced from 
equilibrium 


also at the frequency w;, it is also possible for the sys- 
tem to maintain self-oscillations in the absence of any 
continuous input. If, for example, the free end of the 
spring is fixed and the mass pulled away from the 
equilibrium position and released as in Fig. 4, the equa- 
tion governing the motion becomes 


2 
MS 4 Kx, =0 
det? 


and again sinusoidal motion might be anticipated, 
though the frequency is so far undetermined. If the out- 
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put motion is anticipated as 

Xo = X, Sint 
this may be substituted to yield 

— Mo?*X ,sinot + KX,sinot = 0 
and X,sinot cancels throughout, so that the only inform- 
ation obtained is 
a= V¥ lu = On 

which defines a frequency, the natural frequency of the 
system ,, in terms of the parameters of the system. It 
should be noticed that the amplitude value X, cancels 
so that no information is directly available concerning 
the amplitude of oscillation. If the solution had been 
postulated as 

X, = X,coset 


and substituted, X,coswf would cancel, so that again the 
only information available would be 


On = VE lu 
These results define the natural frequency of the sys- 
tem purely as a frequency of oscillation, without any 
specification of the magnitude. If the system is disturbed 
in any way it will oscillate at this frequency, and of 
particular interest is the impulse response of the system. 


Impulse response 


The impulse response is the response of the system 
after being subjected to a very large disturbance of very 
short duration, in other words after a sudden transfer 
of energy into the system. A very large force might be 
applied to the mass for a very short time to give the 
mass a finite velocity in the short time interval, but with 
substantially no displacement during the interval. 

Applying this to the present system, together with 
some physical reasoning, we find that the impulse dis- 
placement response will be a sine wave, since there will 
be an initial velocity but zero displacement immediately 
after the impulse. As the mass moves from the initial 
position the spring is stretched, finally bringing the mass 
to rest at maximum spring extension. The initial kinetic 
energy of the mass has been converted into strain energy 
in the spring, and the spring will move the mass back 
towards the initial position, the mass subsequently com- 
ing to rest with an equal and opposite spring extension. 

Force 
impulse 


Fig. 5 Impulse-displacement 
response of spring-mass system ° 
Mass 
displacement 


Since there is no energy loss in the system due to damp- 
ing, the oscillation would be maintained indefinitely, as 
in Fig. 5. 


System with damping 
If a dashpot is added to the system as in Fig. 6, 
the equation relating input and output motions becomes 
Md*x, , C dy 


apceasoricnd: vase +X =X; 
K dt 


K dt® 


where C is the viscous constant for the dashpot in force 


per unit velocity. If again the input displacement is 
assumed to be sinusoidal 


xi = X ;sinw;t 
the response may be anticipated as 

Xo = X ,Sinw;t 
Substitution of the result now yields 


econ, ca ; 
— a SINw;ft+ a een X,Sinwit = X ;sina;t 


and owing to the single differentiation associated with 
the damping term, the factor sinw;t no longer cancels 
throughout as in the previous example, so that this 
simple choice for the output is no longer valid. 


xi xo 


Fig. 6 Spring-mass-dashpot 


system 


As a next choice a phase change between input and 
output might be anticipated with a solution of the form 
xX, = X,sin(wit + ¢) 
which may be substituted into the equation, and after 


considerable trigonometrical manipulation the following 
may be obtained 


[**/,. | =1/ V0 = oF? #70)? + (i? / x)? 

@ = tan ¥ oa (w;C/K)/(t — o;°?M/K)] 
giving the response in magnitude and phase form. For 
varying frequency of input and damping these expres- 


sions may be plotted to yield the usual frequency 
Xo) 


Locus of 
moxima 


Fig. 7 Effect of varying 
damping on _ frequency 
response characteristics of 
spring-mass-dashpot _sys- 
tem. Arrows indicate de- 
creasing damping 


-n => 
response characteristics for a damped second-order sys- 
tem, with general form as shown in Fig. 7. 

For the response characteristics obtained, two general 
points may be noted: 


a The actual manipulation involved in making the substi- 
tution and finally obtaining expressions for | X,/X, | and 
@ is quite considerable. 


b To obtain the final graphical form it is necessary to plot 
a fairly complicated expression, and the salient qualitative 
features, such as rapid phase-change for w: = w.» if the 
damping is small, or the form of the locus for maximum 
response with damping variation, are not particularly 
evident until the results are plotted. 


Exponential form of solution 

The first point mentioned above shows that some of 
the difficulties arise through the choice of a solution in 
the form of sine (or cosine) and phase angle, and apart 


from the rather special case of an undamped system 
these are not particularly convenient forms of solution. 
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As an alternative an exponential form of input and 
solution 
ei@* = Cosait + jsinajt 
is much more convenient, essentially since repeated dif- 
ferentiation to any order yields 


S (e'st) = (jay 
dt* 


so that the exponential term can always be cancelled 
throughout, and in addition normal complex-number 
manipulation enables one to obtain final results much 
more easily. 
Considering the mass-spring-dashpot system of Fig. 6, 
the governing equation is 
M dx, + C dx, 


K df K dt 


+x, =X; 


and if input and output are specified as 

x; = Xie"; x, = X,e/%"' 
where X, may be complex, containing both magnitude 
and phase information, these may be substituted into the 
equation yielding 


ir Max plot 4. Coxeter oe X ei“ = » 
K K 


and cancelling e/*** gives 
Xo/Xi = 1/0 — oi? “/ x) + joi®/ x) 
which may be written immediately in magnitude and 
phase form as 
|%°/ | = 1/1 — oF 8/9 + (oi?) PY 
L(/ ,) = tan — (jC /K)/(1 — oi*M/K) 
These are the results obtained previously but with far 
less manipulation than if the input and output were 
specified as 
xi = X,sinojt; x, = X,sin(wit + >) 

The exponential form of solution may be applied to 
the equation for the spring-mass when subject to no 
continuous external disturbance, Fig. 4, 

lace +x, =0 

K df 
and by assuming 

X, = X,ef# 

substitution yields 

—w*M/K+1=0 
or wo = VF /y = on 
again defining the same natural frequency as before. 

To determine the natural frequency of the same 
system, but with damping added as in Fig. 6, and with 
the free end of the spring clamped, the equation becomes 

eee Se ving 

K d@ K dt 
and again anticipating 

Xo = X,e/# 
Substitution leads to 
— wX,M/K + joX,C/K + X, =0 

or 1 — wM/K + joC/K =0 
which does not directly define a possible value for op, 
indicating that e/** is not the correct form of solution 
for the natural frequency of a system with damping. 
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Complex frequencies 

The exponential form of solution e/** used previously, 
which represents an oscillation of constant magnitude, 
could be extended to a more general form of oscillation 
of the form 

e(atiolt — ert 

representing oscillations varying exponentially in magni- 
tude with time, such oscillations often being termed 
complex frequencies. 

Since the frequency variable p is complex it is useful 
to consider this variable in a plane, the p-plane or 
complex frequency plane, and every point in the plane 


/ 

4 

Frequency oe 
c +2 + /w)t 
alters a e( 2 Jw.) 
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Damping 
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Fig. 8 Oscillations associated with points in the complex 
frequency plane. Not to scale, this diagram is expanded 
along the @ axis for clarity 
defines a particular form of oscillation. Values of p 
along the imaginary axis correspond to constant-magni- 
tude oscillations, values along the real axis correspond 
to non-oscillatory exponential forms, and general values 
in the plane correspond to oscillations of increasing or 
decreasing magnitude with time. It should be noted 
particularly that values in the right half-plane corres- 
pond to oscillations which increase with time, while 
values in the left half-plane correspond to oscillations 

decreasing with time. 

The general form of oscillation for a selection of 
points is shown in Fig. 8. If the » co-ordinate of a 
general point is altered the frequency of oscillation 
changes proportionally to the change in w while the 
magnitude variation which is controlled by the « co-or- 
dinate is unaltered. Conversely the a co-ordinate affects 
the magnitude variation but not the frequency. 

Complex values of p are always obtained and con- 
sidered in conjugate pairs, which, when associated with 
each other, can be interpreted as a real oscillation; for 
instance 

eCcaiodt + ef-eiwlt = 2e-atoosys 

Thus any point in the plane that may be arbitrarily 
selected, or may be specified as the result of some 
analysis, defines a particular form of oscillation, and 
much of complex frequency analysis, and the root-locus 
method, can be interpreted as identifying points in the 
p-plane, or loci of point motion in the plane with varia- 
tion of some parameter of a system. 


































































































































































































Natural modes for a system with damping 
If a complex frequency form of solution 
x, = X,e"* 
is anticipated to the equation for the spring-mass system 
with damping 
M d?x, 
K df 
substitution leads to 


p*M/K + pC/K +1=0 


dx. 
dt 








c +x,=0 
K 


(P/wn) plane Cc @p 


Fig. 9 Natural - mode 

positions for a second- 

order system with vari- 
ation of damping { 




























Fig. 10 Impulse response of a second-order system with 
variation of damping £ 


The natural frequency of the system in the absence of 
damping is 

@ = VK/M 
which may be substituted to yield 


: C 
(1) Gr 
On VKM on 





or 
(t)'s (2) 1-0 
where : : 
oo ade 
VKM 


is the damping factor. 
The final form of the equation may be solved to give 

roots 

(p/m) = —CtVEF—-1 
and these values define two forms of oscillation in the 
plane of a normalized complex frequency variable 

(P/ on) = (a/ on) + flo/ op) 
For values of damping 

{>lorC>2VKM 

the two solutions can be represented by points on the 
negative real axis, corresponding to non-oscillatory ex- 
ponentials of the form 

e-tvGe))t ec f-V GD t 


while for 


£<lorC<2VKM 
the solutions take the form 
(p/on) = —f+jvy(l — &) 
giving complex points corresponding with oscillations 
eC SiVU-))t el-f-FvU-g yt 
representing a damped sinusoidal oscillation. For values 
of (p/,) which are complex, the magnitude 


| pP/on|= Vt +1—f)=1 


so that the path in the plane becomes a circle of unit 
radius centred at the origin as in Fig. 9. For large values 
of £ one solution approaches the origin while the other 
approaches infinity along the negative real axis. If = 1, 
the two solutions coincide at (a/,) = — 1, and for 
smaller values of { the solutions are complex moving 
round the unit radius circle in the plane. Finally as 
€— 0 the two solutions approach the imaginary axis 
corresponding to undamped oscillations at the natural 
frequency of the system. 


Impulse response for system with damping 


If the impulse response for the damped system is 
investigated the general form is found to be oscillatory 
or non-oscillatory for {<1 or {> 1, with critical 
damping for £ = 1, corresponding to coincident solu- 
tions at (a/,) = — 1 on the negative real axis. Fig. 
10 shows the general form of the response for different 
values of £, together with solution locations in the plane. 
For large values of £ the response is dominated by a 
slowly decaying exponential component corresponding 
to the solution close to the origin. 


Conclusion 


This article has attempted to emphasize some of 
the basic ideas leading up to complex frequency 
analysis and root locus methods. Initially the advantage 
has been considered of using inputs and outputs of the 
form e/**, as opposed to sine or cosine forms, when 
investigating the steady-state frequency response of a 
damped second-order system. However, when the natural 
frequencies or natural modes of such systems are con- 
sidered it is found that constant-magnitude oscillations 
of the form e/*? must be extended to the more general 
form of exponentially increasing or decreasing oscilla- 
tions represented by 

e?t = elatint 
or complex frequencies in order to cater for the modes 
of a damped system. 

A basic essential of complex frequency analysis is to 
consider the frequency variable p in a plane, and to 
associate a particular form of oscillation with every 
point in the plane. Also the motion of solution points 
in the p-plane with parameter variation can be inter- 
preted as representing changes in the forms of oscilla- 
tion corresponding to the natural modes of the system. 
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PART 3 


The problems of lateral, longitudinal, and hovering 
stability were discussed in Part 1, and in Part 2 last 
month we considered the forms of stability augmentation. 


CONTROL 

On conventional aircraft, control power is normally 
fixed by well-established criteria which cover trimming 
and manoeuvring requirements. Stabilizing forces are 
provided by the reaction of the air to the various air- 
craft movements in a disturbance. As speed is reduced 
into the transition range, both the power of the aero- 
dynamic controls and the aerodynamic reaction forces 
themselves are reduced, in the limit tending to zero, so 
that in order to preserve some measure of control it is 
required to assist the aerodynamic surfaces with some 
form of reaction control. When this becomes necessary, 
not only is control power needed to trim and man- 
oeuvre, but it must also be used to stabilize, either 
through the agency of the pilot or through an auto- 
stabilization system. Hence the question of control 
power on s.t.o.l. and v.t.o.l. aircraft introduces prob- 
lems outside the range of present-day flight experience. 
These problems are critically examined below, and a 
comparison is made between those various v.t.o. aircraft 
flying in America on which information is available. 


Conventional control function 


Consider first the function of the various controls on 
a conventional aircraft. The function of the elevator is 
normally to provide a trimming moment in pitch and 
a normal acceleration. Hence the application of eleva- 
tor from a trimmed position will initially cause an 
angular acceleration, and the aircraft will, assuming 
it is conventionally statically stable, settle at a new 
trimmed incidence (a motion normally referred to as 
the rapid incidence adjustment). This new incidence 
will in turn give rise to a normal acceleration which 
will continue until the speed changes significantly, or 
the power setting is adjusted to establish a new steady 
State. Thus as far as the pilot is concerned the effect 
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Controlling v.t.o.l. aircraft 
at transition speeds 
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There are still many outstanding problems of stability and control in the 
transient speed-range, but the reward for solving them will be great 


of a given stick displacement is initially to produce a 
normal acceleration and a curved flight path. The 
application of ailerons, on the other hand, results in an 
initial angular acceleration, but the aerodynamic damp- 
ing in roll soon produces a steady rate of roll. Hence, 
so far as the pilot is concerned, the effect of aileron 
application is to produce a steady rate of roll. The 
effect of applying the rudder is to initiate a turn and 
a steady slip; alternatively banking can be caused by 
use of ailerons, and a combined banking-and-yawing 
manoeuvre, in which angle of slide-slip is zero but rate 
of turn is finite, can be carried out. 


Control in hovering 


Turning to v.t.o. aircraft in a condition in which the 
aerodynamic forces can be considered negligible (i.e. 
speeds below say twenty knots), it is reasonable to ex- 
pect that control will be provided about the pitch, roll 
and yaw axes. The application of these controls causes 
a simple angular acceleration about the axis in ques- 
tion. Hence, in place of controls which on the conven- 
tional aircraft are made rate controls by the influence 
of aerodynamic forces, we are faced with a set of 
acceleration controls, and without further consideration 
it is impossible to apply conventional experience. 
Furthermore, it does not immediately follow that the 
control power required is not a function of the degree 
of autostabilization installed, and initial efforts to get 
some experimental evidence on this subject were made 
on what is now known as the ‘ Duddy Rig’. This very 
simple apparatus represented the rolling control and its 
associated lateral movement, but no attempt was made 
to incorporate the pitch or height controls. It consisted 
of a vertical column, free to rotate about its axis, carry- 
ing a long arm with the model at the end, free to 
rotate about a horizontal axis. The model itself con- 
sisted of two fixed air-jets pointing downward, repre- 
senting the lateral control of a jet-lift aircraft. This rig 
was used to determine both the amount of control 
power required and the feasibility of various stabiliz- 
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ing systems for both the Rolls-Royce * Bedstead’ and 
the S.C.1. It was estimated that an angular accelera- 
tion of 1 rad/sec? for full control power was adequate 
for an aircraft of the size of the Short S.C.1. The table 
below shows the comparison between the power avail- 
able on various v.t.o. projects at the moment. The 
designs considered are not all strictly comparable, so 
the table should be read with some caution. 


INITIAL ACCELERATION PER INCH OF CONTROL 


DISPLACEMENT 
AIRCRAFT PITCH ROLI YAW 
Short S.C.1. 16° /sec? 21° /sec? 7° /sec? 
Vertol 76 8° /sec? 25° /sec? 7° /sec? 
Helicopters 8° /sec? 25-40° /sec? 6-20° /sec? 


C-450 57°3° /sec? max. 57-3° /sec? max. ~ 


Criterion for control power in hovering 


It has been observed that, in contrast to what is 
needed on conventional machines, v.t.o.-aircraft control 
power must be used both to stabilize and to manoeuvre, 
and both these functions are very tightly bound together. 
It is therefore to be expected that the control power 
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Fig. 13 Relation between steady rate of roll and growth 
parameter in hovering 


needed is a function of the form of stabilization em- 
ployed. Consider then the employment of a rate feedback 
alone for stabilization, and its analogous case on a con- 
ventional aircraft, the aileron control. Various amounts 
of rate feedback are possible, and sufficient flight experi- 
ence does not, as yet, exist to determine an optimum. 
This may be in the range of 10°/sec to 30°/sec for full 
control. From the conventional experience it is also 
necessary to quote a rate-of-growth parameter, and this 
states that the rate of growth of rolling velocity shall 
be such that when aileron is applied in t seconds the 
rate of roll at the completion of the aileron application is 
not less than p{1 — (1 — k)(1 — e*)}, p being the steady 
rate of roll, kK = (tV \/c)/2:2w and w is wing loading. 
It is obviously not possible to apply this criterion 
directly to the case of a v.t.o. aircraft, on account of 
the part played by the speed term; but examination 
of it has indicated that the rate of roll at the end of 
a typical aileron application, considered to last for 4 sec, 
lies in the range 0°3 to 0°5 of the steady rate of roll, 





depending on the speed and wing loading being con- 
sidered. Fig. 13 shows the relationship between rate 
of roll at the end of a 4-sec stick application, as a 
ratio with steady rate of roll, and a parameter which 
fixes the amount of stabilization employed for different 
control : inertia ratios. The stabilization parameter is 
quoted as the resultant rate of roll for full stick appli- 
cation. It can thus be seen that if a rate-of-growth 
parameter in the range 0°3 to 0°5 is accepted, then 
the amount of control power necessary will be a direct 
function of the amount of stabilization required. Indi- 
cations are that on a small aircraft an amount of stabi- 
lization corresponding to 25°-30° per second for full 
stick application is required; hence a control-power-to- 
inertia ratio of 0°04 is called for. For larger aircraft the 
required steady rate of roll during coventional exper- 
ience will probably be reduced in proportion to span, 
hence. the required control-to-inertia rate can be 
obtained from Fig. 13. Such a criterion is, of course, 
tentative, and will depend in the final evaluation on 
flight test experience. 


Reaction controls 


To date, the case of control power in hovering has 
been discussed, and clearly this requires some form of 
reaction control. Such controls can be provided by 
bleeding air from the engines and ducting it to nozzles 
placed at the extremities of the aircraft. A reaction 
force can thus be provided, proportional to the open- 
ing of these nozzles. An example of such a system is 
shown in Fig. 14. This nozzle is generally choked, and 
mass flow and reaction are proportional to nozzle open- 
ing. It is possible also to arrange lower-exit-velocity 
controls based on the fan principle, but this brings in 
its wake the further mechanical complication and in- 
creased weight involved in achieving the desired re- 
sponse characteristics, and the greater efficiency must 
be balanced against these disadvantages. In general, 
the basic design point on all reaction controls will be 
to ensure that the time lag is kept to a minimum, as 
this can have serious repercussions for both handling 
and stabilization. 


Control at transition speeds 


As speed builds up from the hovering condition, 
control power available from aerodynamic surfaces will 
increase in proportion to the velocity squared. Hence, 
even at small forward speeds, the contribution of aero- 
dynamic surfaces is significant. The increase in aero- 
dynamic forces also relieves the control of its stabiliza- 
tion function as the aerodynamic stability becomes in- 
creasingly more apparent. So for a v.t.o. aircraft the 
coupling of both aerodynamic and reaction controls to 
the stick is highly desirable, and the characteristics 
gradually change from those of hovering controls to 
those of conventional forward-speed controls. The major 
problem is how to ensure that an adequate margin of 
total control power over power to trim is available at all 
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stages of transition, and this is very much a function 
of the specific design. 

For s.t.o.l. aircraft, on the other hand, the problem 
tends to have a different emphasis, the major question 
being what proportion of all-up weight can be taken 
on jets before it becomes necessary to assist the aero- 
dynamic surfaces with reaction controls. This again is 
likely to be a function of the specific design, but flight 
experience on the S.C.1. will undoubtedly throw some 
light on the subject. Simulator experiments on a light 
aircraft of high-speed plan-form design have indicated 
that, for jet lift more than about 25% of all-up weight, 
some form of control augmentation is necessary, but 
flight experience in the transition speed-range will be 
necessary before any such conclusion can be drawn. 


HANDLING CHARACTERISTICS 

Much outstanding work has been done in the last 
twenty years on the measurement and definition of 
handling qualities of conventional aircraft, and the 
pioneering work of Gates and his associates at the 
R.A.E. established a sound theoretical and experimen- 
tal background for the manoeuvring criteria of today. 
These play a very great part in the determination of 
handling characteristics, but do not paint the complete 
picture as some criterion for stability must also be in- 
volved. The three main elements which go to make up 
a pilot’s judgement of his aeroplane’s handling qualities 
are well summarized as follows : 


1 The effort the pilot has to make, consisting almost entirely 
of stick force and stick displacement. 


2 The behaviour of the aeroplane both when left to itself 
and when the controls are used. This is sensed visually and 
by the feel of the aeroplane’s acceleration and response. 


3 The time element: how quickly or slowly things happen. 

There is no reason to believe that the same elements, 
where applicable, should not be used to assess the 
handling qualities of v.t.o. aircraft in the transition and 
hovering phases of their use. We have already discussed 
stability and stability augmentation; the problem of 
what amount of augmentation to employ in order to 
achieve adequate handling characteristics remains, and 
is treated below. 


Handling in hover 


In looking at the elements on which handling re- 
quirements can be based it becomes immediately 
obvious that we can eliminate any undesirable stick 
force or stick displacement limitations in achieving 
good handling, and hence we will concentrate on the 
second and third elements quoted above. Considering 
first the hover, it is apparent that without stabilization 
the control about pitch, roll and yaw axes is of the 
acceleration type. Once stabilization is introduced, the 
designer can choose the form of control he considers 
most acceptable, and it is likely that this will be a 
function of the role of the aircraft. Thus for short- 
duration, fighter-type application there is no reason, as 
yet, to believe that a rate control will not be adequate, 
and for more sophisticated aircraft—or perhaps those 
in which blind landings are called for—there is little 
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Fig. 14 Control nozzle for Short S.C.] autostabilizer 


doubt that a more advanced form of stabilization will 
be called for. Simulator tests have led to the conclusion 
that pilots prefer as a minimum something closely 
akin to pure rate control, the feedback being such that 
full stick produces a steady rate of the order of 30°/sec. 

As well as making sure that steady-state response to 
stick application is satisfactory, we must ensure that 
the oscillatory behaviour is acceptable; or in other 
words, the the frequency and damping is of the correct 
order. If rate feedback only is employed, the question 
of frequency arises only when sufficient aerodynamic 
forces are present to create an oscillation, but with 


Fig. 15 Pilot opinion of handling in longitudinal short- 
period oscillation 


Cornell Aero. Lab. Inc. flight tests 
—_— -—— Short and Harland simulator tests 
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Fig. 16 Simulator test results for limited-authority 
autostabilizer 


position feedback (or for that matter integral feedback) 
it arises in hovering. Flight experiments have been con- 
ducted in America to tie up the frequency and damp- 
ing characteristics of various modes of flight, but it 
seems that desirable handling characteristics are largely 
a function of the particular mode, so the experience is 
not directly applicable to the case of v.t.o. aircraft. 
However, both the conventional short-period longitu- 
dinal oscillation and the conventional snaking oscilla- 
tion have frequencies comparable to those found in a 
hovering v.t.o. aircraft, and results obtained from them 
have been used to produce Fig. 15. This shows the 
measure of handling efficiency obtained from various 
damping-frequency relationships. These American re- 
sults are compared with simulator results obtained at 
Short Brothers & Harland on what is considered un- 
controllable on a v.t.o. single-degree-of-freedom simu- 
lator, and reasonable correlation is apparent in the 0-4 
to 0-6c/s frequency range, although the trend outside 
this range seems to indicate that some different defini- 
tions of handling qualities are involved. These results 
show that a reasonably high degree of damping is 
called for in flight, and, in general, periods seem to 
have both an upper and lower bound, the upper being 
fixed at a point where the aircraft becomes too slug- 
gish and the lower by a point where it becomes too 
lively. It therefore appears clear that for good handling 
characteristics any oscillations must be damped to half 
amplitude in less than one cycle, and that frequencies 
of the order of 4 to 4c/s appear to be optimal. Some 
measure of autostabilization is therefore essential in 
hover, although there are strong grounds for believing 
that in an emergency any pilot could cope for short 
periods of time without such assistance. This in the 
long run will reduce to a question of what other func- 
tions he has to perform. For example, controlling one- 
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degree-of-freedom (say) roll when pitch is autostabi- 
lized may not prove troublesome if the pilot does not 
need to devote any significant amount of attention to 
engine control, or even to ground instruction. Control- 
ling both degrees of freedom simultaneously is likely 
to saturate his ability, and he may well be in no posi- 
tion to perform any other control function whatsoever 


Lateral and directional handling 


Once we leave the hovering regime, aerodynamic 
forces begin to play their part, and we have shown 
already that, irrespective of the design, as the speed 
falls off into the transition range on a v.t.o. or s.t.o.l. 
aircraft, a rapid deterioration in the Dutch roll stability 
takes place. At what speed such a characteristic be- 
comes unacceptable is very much a function of the par- 
ticular design, but for modern aircraft it seems unlikely 
that values of A greater than about 0-4 will be pos- 
sible without stability augmentation. Hence for s.t.o.1. 
aircraft any significant restriction in approach speeds 
may involve the necessity for autostabilization. For 
v.t.o. aircraft, on the other hand, stabilization is prob- 
ably essential, and the degree of stabilization found 
desirable in hover on the roll control is likely to satisfy 
handling requirements at all transition speeds, so far 
as Dutch roll is concerned. There may be some diffi- 
culty with heading-holding characteristics, as the 
weathercock stability gradually fades out with decreas- 
ing speed, and this might well prove a significant 
embarrassment on a fixed-glide-path approach. 
Longitudinal handling 

As the speed is reduced there is no indication of any 
significant reduction in damping of the short-period 
mode, and the behaviour of phugoid period was shown 
in Fig. 7. On account of its longer period, however, it 
is unlikely that any unacceptable characteristics will 
result. Thus it could be argued that the requirement for 
a stabilizer is not so pressing in the longitudinal mode. 
It is probably essential in hover. The effect on stability 
at higher forward speeds, on the stabilizer provided for 


hovering, was shown under Stability earlier in this 
article. 


Limited-authority autostabilizer 

Tre characteristics and advantages of limited- 
authority autostabilizers were pointed out under 
Stability augmentation, and it was seen that, whilst 
the autostabilizer did some short-period work, quite 
a considerable amount of effort was still required 
from the pilot. The feasibility of this arrangement from 
the pilot’s point of view has been studied on a simula- 
tor, and it can be seen from Fig. 16 that, with a con- 
ventional gearing and an authority restriction to 10% 
of full control power, the pilot’s task in keeping the 
aircraft on an even keel in the presence of quite large 
disturbing forces is very much eased. Such a form of 
stabilization does of course introduce non-linearities 
into the control problem, but simulator evidence has 
not indicated that this is significant. 
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The use of a limited-authority autostabilizer involves 
the necessity to prove that, with a failure on one axis, 
the aircraft can still be handled. Again, of course, this 
is a function of the lag in the control circuit, and may 
well prove different from one aircraft to the next. 


Height control 


Flight experience to date has confirmed that, with 
certain limitations, height control on a v.t.o. aircraft is 
adequate. As already pointed out, this is an acceleration 
control, and it may still pay to introduce a measure of 
automatic control which will enable the pilot to hover 
without continuous attention to the lift throttles. This 
appears to be something of a refinement and more 
concerned with problems of specific control than stabi- 
lization. In a transition, where aerodynamic lift is being 
exchanged for jet lift as the speed decreases, continu- 
ous manipulation of the lifting throttles is essential, 
and their steady state, neglecting transient disturbance, 
is continuously varying with forward speed. Hence 
height control down a fixed glide-path, or even in level 
flight, is likely to prove difficult, and in certain condi- 
tions some form of automatic assistance may well 
prove necessary. 

CONCLUSION 

The possibility of vertical take-off using jet lift, or 
short take-off using either jet lift or various aerodyna- 
mic effects, has been adequately demonstrated by the 
test vehicles now flying both here and in America. It 
would be premature to assume that, with the demon- 
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Fig. 17 Above and below are photographic sequences showing the Short S.C.1 in transition 





stration of the principle, the way is clear to open up 
new operational applications. Many problems still 
exist, and amongst them can be numbered the general 
problem of stability and control in the transient speed- 
range. Some of these problems have been outlined in 
this article, and promising methods of solution have been 
indicated. It is hoped that extensive flight test experi- 
ence will be gained in the near future, but anyone asso- 
ciated with flight testing—or for that matter design— 
will readily appreciate that it is more often the unfor- 
seen problems that prove most difficult in practice, and 
these will inevitably occur. 

The reward for solving the outstanding problems will 
be great, as the v.t.o. field undoubtedly opens up a new 
era in both military and civil flying. The advantages in 
dispensing with conventional runways are considerable, 
but the major break-through may be elsewhere. The 
greatest single factor that is disrupting airline services at 
the moment is inability to land or take off because of 
weather. With the development of v.t.o.l., weather 
minima will become much less stringent, as the velocity 
at touch-down is of a different order, but .all-weather 
landing will still depend on the provision of adequate 
and suitable landing aids. Perhaps, therefore, it is in 
the field of all-weather and regular operation that v.t.o. 
will make its major contribution to the future of flying, 
and this is undoubtedly a reward which would justify 
more and faster development than is presently being 
undertaken. 


End 
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Miniature recorders 


INCREASING ADVANCES IN INSTRUMENT 
technology and the wider use of instru- 
ments has led to the need in certain 
applications for smaller instruments with- 
out reduced standards of reliability. In 
the chemical and petroleum industries 
there is a trend towards centralized con- 
trol of groups of plant, resulting in a 
larger number of instruments mounted 
per panel. The continual improvements 
being made in design and manufacturing 
techniques have enabled component 
manufacturers to offer a smaller but 
often more reliable component. The ther- 
mionic valve, for example, over the past 
ten years, has been radically reduced in 
size whilst at the same time improve- 
ments have been made in reliability and 
performance, especially where micro- 
phony is concerned. In a number of 
applications, the valve is being replaced 
by the transistor, resulting in a further 
saving of space, size, weight and power 
requirements. This reduction in compon- 
ent size has enabled the manufacturer to 
meet the demand for a smaller or minia- 
ture range of instruments without any 
sacrifice in reliability. 

In the case of the miniature recorder, 
nearly all the models comply, where 
appropriate, with the requirements laid 
down in British Standard Specification 
B.S.90 : 1940 originally prepared for the 
larger recorders. This survey has been 
carried out on recorders with a chart 
width of 4in. or less, manufactured in 
the United Kingdom, which are suitable 
for use in the process control field. It 
does not include specialized recorders, 
such as those used for registering on/off 
conditions, or those using special types 
of recording paper such as Teledeltos, 
ultra-violet, etc. 


Chart drive mechanics 

The chart is generally driven by either 
a synchronous motor or by a pneumatic 
impulse derived from a master clock, but 
in certain cases it is possible to obtain 
other forms of drive, such as the mech- 
anical spring (clockwork) motor or an 
electrically wound clock. In the latter the 
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drive is by. an electrical synchronous 
motor fitted with clockwork reserve en- 
abling the chart drive to be continued 
after removal of the main supply. The 
speed of most strip chart recorders will 
be one of those recommended in B.S.90: 
1940, namely 4, 1, 3, 6 and 12in./h, or 
in./min. In addition to the above speeds, 
certain manufacturers are prepared to 
supply drives with a special speed. A 
number of recorders are fitted with 
multi-speed drives, in which case a change 
of chart speed may be effected either by 
operating a gear lever, a push button, or 
alternatively by a manual change of 
gears. 


Types of chart 

The circular chart is often used for 
recording a cyclic process, or where it is 
desired to have periodic change of chart. 
It has the disadvantage that the inter- 
pretation of the circular scale is more 
difficult than the strip chart, since the 
time scale becomes cramped towards the 
centre of the chart. Moreover, for a 
given width of chart it occupies con- 
siderably more panel space. 

The strip chart recorder can, if neces- 
sary, be left for long periods; several 
models mentioned in the survey have 
sufficient chart and ink capacity to run 
for 30 days at a speed of 1 in/h without 
requiring attention. A number of manu- 
facturers have arranged their recording 
movement with linkages to record on 
charts with rectangular co-ordinates 
(straight time-lines), This eases the inter- 
pretation of records and facilitates easy 
comparison between two or more re- 
cords. Certain models are fitted with 
facilities for removing sections of the 
strip chart. 


Method of marking 

The two main methods of chart mark- 
ing are by pen or chopper bar. The pen 
draws a continuous record and usually 
has a reservoir of ink compatible with 
the length of chart. Thus for strip chart 
recorders the supply of ink is in many 


cases sufficient for at least 30 days con- 
tinuous running. 

In the chopper bar the movement 
is periodically depressed by a clamping 
bar which marks the chart by means of 
an ink-impregnated ribbon. A_ typical 
time interval between successive mark- 
ings is five seconds, and the record 
obtained will be a succession of mark- 
ings generally in the form of dots. This 
type of recorder is therefore not suitable 
for recording inputs subject to fast 
fluctuations. 

For both the pen and clamping bar it 
is possible to obtain multi-channel inputs, 
in which case the various input signals 
can be differentiated by differently col- 
oured markings, or in the case of the 
chopper bar, different coding, e.g. num- 
erals may be used for channel identi- 
fication. 


Types of movement 

This survey has been arranged in two 
parts: section A deals with movements 
suitable for recording electrical signals, 
section B deals with the recording of 
pressure. 

A number of recorder movements 
have facilities for zero adjustment to 
allow for drift that may be encountered. 
Recorders can, under certain circum- 
stances, be fitted with suppressed scales, 
in which case the movement records over 
a limited range of input signals. This 
limited range need not include a true 
zero. 

For temperature measurement, e.g. 
thermocouple and liquid-filled thermo- 
meters, it is possible to have automatic 
temperature compensation, whereby the 
recorder movement makes allowance for 
ambient temperature when recording. 

The speed of response of a movement 
is generally quoted for full-scale de- 
flexion, i.e. the time taken for the move- 
ment to travel across 62%, of the width 
of the chart for a step input equal to 
the maximum signal of the span. 

In the tase of electrical inputs the 
movements will generally be one of the 


CONTROL November 1960 








con- 


ment 
nping 
ns of 
rpical 
nark- 
ecord 
nark- 
This 
itable 
fast 


bar it 
nputs, 
ignals 
y col- 
f the 
num- 
denti- 












following types—moving coil, induction, 
dynamometer (for power measurements), 
potentiometric, bridge or torque motor. 
An outline of some of the operations of 
these movements is given below. 


Moving coil, induction, and dynamo- 
meter. These movements are basically 
the same as those used in the measuring 
instruments, 


Potentiometric. The input signal is fed 
into one side of a balanced amplifier, a 
simplified circuit of which is given in 
Fig. 1. The output of each side of this 
amplifier is fed through a coil consisting 
of two equal windings wound in opposite 


DC power 






: standardized 
= voltage supply 


Fig. 1 Simplified potentiometric circuit 


directions to produce magnetic fields 
of opposite polarity. Thus, if equal cur- 
rents are flowing through both halves, no 
external magnetic field is produced, but 
unequal currents produce an external 
magnetic field, the polarity of which 
depends on which half has the greater 
current. A rotor situated in the external 
field and supplied from a d.c. source, will 
rotate whenever the output currents 
through the windings are unequal, the 


direction of rotation depending upon the - 


polarity of the field. This rotor is 
mechanically coupled to the wiper arm 
of a potentiometer supplied from a d.c. 
reference source and the voltage from 
the wiper is fed back to one half of the 
amplifier. 

When the input voltage, applied to 
one half of the amplifier, is unequal to 
the voltage fed back from the poten- 
tiometer, the unbalanced current in the 
coil results in the rotor moving until the 
feedback voltage equals the input volt- 
age. The recording mechanism can be 
mechanically coupled to the rotor since 
the rotor position is related to input 
voltage. This type of movement is slower 
than the moving coil movement due to 
the larger inertia of the moving parts, 
but has the advantage that further poten- 
tiometers can be fitted for remote posi- 
tion indication. The potentiometric 
method of recording has a high input 
impedance and is often used where the 
input signal must not be loaded. As a 
general rule, the reference voltage to the 
potentiometer is periodically standard- 
ized against a Weston cell, or equivalent 
circuit using a Zener diode reference 
source. 


Bridge method. In this the measuring 
element is arranged to form part of a 
bridge circuit (Fig. 2). The servo motor, 
instead of driving a potentiometer as in 
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resistance 
thermometer 





Fig. 2 Basic bridge circuit 


Fig. 1, is arranged to drive the bridge to 
balance. This method is often used in 
conjunction with compensated resistance 
thermometers where the compensating 
lead and. measuring lead form opposite 
arms of a bridge. In a majority of models 
the bridge is supplied from a d.c. source, 
but other models are available in which 
the bridge is driven from an a.c. source. 
In the latter case the servo amplifier has 
to incorporate phase-sensitive detection. 






Torque motor. A typical circuit for 
measuring current and employing a 
torque motor is shown in Fig. 3. The 
input current passing through the coil 
attracts a beam. As the beam moves 
towards the coil it also reduces the air 
gap in the inductor increasing its im- 
pedance, consequently reducing the cur- 
rent drawn from the oscillator. The 
following stage is arranged so that the 
reduction in current drawn by the coil 
increases the current supplied to the 
torque motor. The resulting increase in 
torque from the motor increases the ten- 
sion on the spring, which is partly taken 
up by the extension of the spring and 
partly by the force exerted on the beam, 


Oscillator Torque 


and amplifier motor 





Coil inductor 


Fig. 3 Torque-motor circuit 


the beam taking up a position of equi- 
librium. A pointer attached to the rotor 
arm gives an indication of input current. 


Bellows and Capsule (Diaphragm). The 
diaphragm element consists of a thin 
metal disk, the material being chosen so 
that a differential pressure applied across 
the diaphragm will cause it to bow, the 
movement of the centre of the diaphragm 
giving an indication of the differential 
pressure. The sensitivity of the diaphragm 
can be improved by introducing corruga- 
tions and by placing two diaphragms 
back to back, sealing the circumference 
to form a capsule. The signal can be 
fed through the fixed centre of one side 
and the movement gives an indication of 
the differential pressure. 

Alternatively, for extreme sensitivity, a 
stack, in which several diaphragms are 
mounted on each other and internally 
connected by means of a large aperture, 
can be constructed. The diaphragm stack 
is amongst the most sensitive of the pres- 
sure-measuring elements. 

Where the sensitivity associated with 
a diaphragm stack is not required, bel- 


lows, which consist of a corrugated or 
concertina-shaped element can be used. 
It will be noted in the survey that a 
number of recorders using bellows are 
arranged for inputs over the range 3-15 
lb/in?g. which is a standard range for 
process control instruments. Fig. 4 out- 
lines a bellows movement. The force 
from the pneumatic signals causes the 
receiving bellows and spring to lift the 
horizontal arm pivoted on the bellows 
chamber. By adjusting the tension in the 
spring the range or span of the recorder 
can be altered. By means of a suitable 
linkage the arm can be arranged to 
operate on a graph with Cartesian co- 
ordinates. 


Arm to pen (via 
linkage for rectilinear 
co-ordinates ) 


Span 
adjustment 









Spring and 
centre rod 










Pneumatic 
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Fig. 4 Bellows movement 


Bourdon. This system is often used in 
conjuction with liquid or gas-filled ex- 
pansion thermometers. The Bourdon 
element consists of a hollow tube ap- 
proximately elliptical in cross-section, 
and bent longitudinally to form the arc 
of a circle. As the pressure inside the tube 
increases, the cross-section tends to take 
up a circular shape, thereby setting up 
internal stresses which try to straighten 
the arc. If the tube is clamped at one 
end, the free end moves, the amplitude 
of movement being dependent on the 
differential pressures across the walls of 
the tube. Thus if a liquid or a gas is fed 
in at the fixed end, a pointer attached 
to the sealed free end gives an indication 
of pressure. This movement is generally 
magnified by increasing the length of 
tube so that the arc becomes a helix, and 
also by mechanical gearing fitted to the 
free end of the tube. 

The tube is unfortunately sensitive to 
temperature but may be compensated for 
changes in ambient temperature by use 
of a bi-metal strip. 


Other movements 


The above descriptions are intended 
purely as an outline of the basic move- 
ments available, and it should be pointed 
out that there are a considerable number 
of variations and refinements on the 
above techniques. Inevitably, in a survey 
of this size, it is impossible to cover 
every type of movement, and a number, 
including those used for specialist mea- 
surements, such as the recording of fre- 
quency, have had to be omitted. For 
further information the relevant British 
Standards Specification (B.S.90 : 1940) and 
manufacturers’ literature should be 
consulted. 
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I.S.A. annual meeting 


The Fall Instrument Automation Con- 
ference and Exhibit of the Instrument 
Society of America* was held September 
26-30 in New York City. Over three 
hundred exhibitors displayed their wares 
on three floors of the Coliseum, and a 
program including over 125 technical 
papers was held in conference halls and 
rooms in the Coliseum and the New 
Yorker Hotel. 

Opened by a Keynote Session and 
National Lecture Series on Monday, the 
program included an Education Forum, 
four Workshops (User-Management, 
Data Handling, Standards and Measure- 
ment Laboratories, and Educators’), a 
Computer Clinic and a host of technical 
sessions. 

The general topic of underwater in- 
strumentation was very well covered by 
24 papers given in six sessions. It was 
evident that rapid developments are 
taking place in this field and that a very 
wide variety of problems is_ being 
solved, Although a few military problems 
were discussed relating to the operation 
of mines and submarines, most of the 
papers dealt with general problems such 
as measuring ocean floor conditions; 
navigation with the aid of position 
markers; measurement of ocean water 
conditions; remote handling techniques in 
deep water; identification of underwater 
objects; bathyscaphe design; and under- 
water cables. 

The topic of strain gauge instrumenta- 
tion was thoroughly covered by eleven 
papers given in five sessions. Conven- 
tional bonded-resistance strain gauges 
were involved in six papers which dealt 
with such problems as_ temperature 
effects, short damping-time without trans- 
verse sensitivity, standards for character- 
istics, adhesives, and a novel digital 
potentiometer for precision measurements 
with strain gauges. One paper dealt with 
an unbonded strain gauge pressure trans- 


ducer, and another with a new type of 
* See also ‘ Progress through Instrumentation’, a 
more detailed account of the Conference by 


Control's Consultant Reginald Medlock, on page 
86 of this issue—EDrTOR. 
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Further discussion of topics 
from the J.A.C. Conference reported last month, 
and a report on the Annual Conference and Exhibit 
of the |.S.A., are included in this news-letter from our 
special correspondents in the United States 


Look at America 


This month : |.S.A. Conference—saturating systems—process dynamics 


resistance foil strain gauge for concen- 
trated stress analysis. Three papers deal- 
ing with semiconductor strain gauges 
evoked a great deal of interest with 
claims for much greater sensitivity than 
with conventional gauges. One device, 
said to consist of ‘ silicon semiconductor 
whiskers in a micro-sensitive instrumen- 
tation device’, was said to be 50-60 
times more sensitive than its metallic 
counterpart. 


Optimal design of 
saturating systems 


At the recent J.A.C. Conference con- 
siderable attention was given to the 
analysis of saturating systems, i.e., sys- 
tems having either a bang-bang element 
or an_ idealized saturating element 
which is used to drive the plant. Fig. 1 


Fig. 1 General block 
diagram of a satur- 
ating system 


illustrates, in a very general way, the 
type of system discussed (/). The system 
is of the nth order, the saturation ele- 
ment includes a proportional region of 
operation, and the computing device in 
general performs a non-linear operation 
on the incoming variables. The important 
restrictions on generality are the assump- 
tion of a linear plant and the absence of 
any feedback function operating on the 
output variables. If the plant is over- 
damped, i.e. its eigenvalues are all nega- 
tive and real, formulation and analysis 
are made considerably easier than in the 
case where complex roots are present. 
Nevertheless, it is still rather forbidding. 

Most authors at the conference who 
dealt with the class of system represented 
by Fig. 1 found it necessary to use mathe- 
matical analysis quite removed from 
the conventional Laplace-transform or 
describing-function methods, since these 


techniques are too restricted in applica- 
tion to describe the system behaviour 
effectively. 

Instead, analysis is performed in the 
time domain. For an nth-order system, 
the output is completely described at any 
instant by the vaiue of the output itself 
and its n—1 derivatives. Considering this, 
it is possible to let the output of the sys- 
tem be represented by a corresponding 
n-dimensional vector, whose co-ordinates 
take on the values of all the derivatives 
of the output variable. The vector space 
thus generated is referred to as the state 
space, ‘and the ‘distance’ of the vector 
point from the origin of the state-space 
co-ordinate system represents exactly 
how far the system is from correspon- 
dence with the reference input. Note that 
correspondence here means that the sys- 
tem error and all its derivatives are simul- 
taneously zero. 





Thus, referring to Fig. 1, the equation 
describing the linear plants is (/) 


[X(0] = A[X@] + mols] (1) 
[X(0] = vector representation of the 

state of the plant at time ¢ 
A =n Xn matrix describing the plant 
m(t)[f] = vector representation of input 

to the plant 
The solution of Eq. 1 is given as 
[X()] = G(O[X()] + 
t 


mieycee—ninae (2) 


where 
[X(0)] = initial state of plant 
G(t) = impulse response matrix of plant 
and the input to the system is identi- 
cally zero 
For these systems the problem of optim- 
ization consists in finding the proper 
function m(f)[f] such that [X(#] reaches 
zero in minimum time. It has been shown 


CONTROL November 1960 












ica- 
our 


the 
lem, 
any 
tself 
this, 
sys- 
ding 
ates 
tives 
pace 
state 
ector 
pace 
actly 
spon- 
: that 
: Sys- 
imul- 


x(t) 


xAt) 


Pp 


. 


uation 


(1) 
of the 
time ¢ 
> plant 
f input 


(2) 


yf plant 
identi- 


optim- 
proper 
reaches 
) shown 


1960 


SYNTAVEL NOVemoDer 


179oV 


that one necessary condition for optimiz- 
ation is that |rn(r)| = 1, which means that 
the proportional band in the saturable 
element should be eliminated; hence the 
controller action would be that of a pure 
relay, exerting maximum effort (+ or —) 
on the plant at all times. In addition, for 
an overdamped plant, exactly n—1 
switchings are necessary to attain equi- 
librium (2). 

However, this is not to say that a 
shorter settling time could not be ob- 
tained if proper operations were per- 
formed on the feedback signal. Systems 
of this type were not considered in gen- 
eral terms by any of the authors. 

Several of the papers presented were 
principally concerned with finding the 
optimal form of m(t)[f], which is called 
the switching function, and which is re- 
presented by the ‘computing device’ in 
Fig. 1. 

In the paper by Kurzweil (J) it is 
shown that the desired solution depends 
on solving equations of the form 

— [X}) = [x], + 


(—1)1m, G(—nifllas) (3) 


i-l 


[x], ee state of output during the 
(i—1) switching interval 
m=21 
Since a closed form of solution is not 
obtainable, a scheme is presented for 
machine computation of the switching 
function. The computation logic is similar 
to that found in certain sampled-data 
techniques, and requires nth-order data 
storage. The computer solves Eq. 3 step 


by step, generating the switching func- © 


tion from interval to interval. Specific 
computer logic and results for a third- 
order plant controlled in this manner are 
presented. 

The optimum solution to a much more 
specific system is sought in a paper by 


i 


Fig. 2 System discussed by Fligge-Lotz 
and Yin 





Fliigge-Lotz and Yin (3). Their system, 
shown in Fig. 2, is simplified in that it 
is characterized by a second-order opera- 
tor in series with an integration, but is 
of great interest since the authors have 
chosen to consider the case of complex 
roots ({§ < 1), For this case the switch- 
ing function is a very complicated-shaped, 
three-dimensional surface. It is shown 
how projections of this surface in a two- 
dimensional plane can be obtained, and 
further, an iteration procedure is presen- 
ted which allows that projection which 
represents the optimum solution to be 
found. Methods of solution when ¢ = 
and ¢ -4 0 are discussed, and specific ex- 
amples are given for demonstration. 
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As was mentioned previously, seeking 
an optimum solution for an on-off con- 
trol scheme implies that the input to the 
system is held constant at some pre- 
scribed value. When ramp inputs are 
considered, the analysis is complicated 
by the fact that the slope of the input 
becomes another variable to be taken 
into account. This problem was discussed 
by Farrah in application to the system 
shown in Fig. 3 (4). 





Fig. 3 System discussed by Farrah 


Since only a second-order plant is in- 
volved, a two-dimensional phase-plane 
plot is sufficient completely to describe 
system behaviour. The difficulty arises in 
that the trajectories in the phase plane 
are unique only for a given slope of the 
ramp input. Therefore this slope must be 
taken into account when computing the 
switching boundary. The proper logic for 
accomplishing this computation is pre- 
sented. It involves a continuous calcula- 
tion of the switching boundary that 
accounts both for the slope of the input 
ramp and the existing output velocity. 
The scheme always brings the system to 
zero error in two switchings, but it is not 
shown that the logic involved guarantees 
a minimum-time solution. 

Under certain conditions it is known 
that on-off control systems, with small- 
amplitude inputs, will exhibit very-high- 
frequency switching, but with large-am- 
plitude inputs will behave according to 
normal switching behaviour as discussed 
up to this point. Halstenberg (5) has 
developed a very simple criterion that 
determines in which mode a third-order 
system will operate. Here again a vector 
description of the system’s output is 
used. This output state vector is com- 
pared with the vector representation of 
the surface in which high-frequency 
switching occurs, A simple comparison 
indicates whether or not the state vector 
is forced to remain in the switching plane, 
thus giving rise to the high-frequency 
oscillations. 


Chemical process dynamics 


Rapid advances in the field of self-optim- 
izing and adaptive control systems for 
chemical process plants have perhaps 
overshadowed the equally important 
work in chemical process dynamics. Of 
course, the age-old problem of having 
an inadequate understanding of the phy- 
sical process to be controlled still exists. 
The inability to establish mathematical 
models of many real physical processes 
has seriously hindered the development 
of sophisticated control schemes, 









Recently the Research Subcommittee 
of the Instruments and Regulators Divi- 
sion of the American Institute of Mech- 
anical Engineers met to consider the 
present state of knowledge of process 
dynamics in relation to equipment design. 
They decided that little or no correlation 
existed between observed control loop 
behaviour (as determined from large 
amounts of response data) and the physi- 
cal design of systems. Interestingly 
enough, one theory suggested that the 
lack of correlation was due to improper 
mathematical representations of the phy- 
sical systems. In view of recommenda- 
tions by the Subcommittee, Williams and 
Morris (6) have prepared a survey and 
critical evaluation of the literature on 
heat-exchanger dynamics and control. 
The survey indicates a necessity for an 
adequate theoretical basis for the evalu- 
ation of experimental results. 

Other unrelated but important efforts 
have also been made to evaluate critic- 
ally the level of understanding of chemi- 
cal process dynamics. Lapidus (7) pre- 
sented a paper at the recent J.A.C. Con- 
ference that reviews the current status 
and the possible future directions of 
chemical reactor dynamics. Primary con- 
cern is in the simulation and/or com- 
putation of the behaviour of various 
types of chemical reactors. 

A very exhaustive summary and evalu- 
ation of the literature concerned with the 
dynamics and control of distillation units 
and other mass transfer equipment was 
presented at the J.A.C. Conference by 
Archer and Rothfus (8). 


Your American Correspondents 
J. LOWEN SHEARER, ROBERT S. SCHER, 
KARL N. REID, JR. 


Massachusetts Institute of Technology 
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IDEAS APPLIED ... 


--- to DATA HANDLING 


Long-term storage of analogue 
information 

A. M. ANDREW, National Physical Laboratory 
For the non-digital storage of quan- 
titative information the electrical capa- 
citor has a number of advantages. The 
stored quantity can be read out with 
virtually no disturbance of its value, 
and it can readily be modified by the 
addition or subtraction of charge. The 
amount of the modification can be 


bodies the desirable features of capa- 
citor storage; it has the additional 
advantage that there is no drift of the 
stored quantity during any period 
when it is not required to modify its 
value to take account of new infor- 
mation. 

The device incorporates two systems 
in which the position of a moving 
part is determined by an electrical sig- 
nal. The two systems may, for ex- 
ample, be moving-coil meter move- 
ments, as shown in Fig. 1.1. One of 


Capacitance vanes 


Clamping 
Cathode | device 
‘follower 


made to depend on the value previ- 
ously stored. This feature is useful 
where the requirement is to integrate 
a sequence of input values with an 
exponential or other weighting func- 
tion. 

A simple capacitor is, however, un- 
suitable for long-term storage since a 
certain amount of leakage is unavoid- 
able. The storage system described 
here incorporates a capacitor and em- 
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Fig. 1.1 Schematic 
diagram of the 
storage system, 
using capacitance 
vanes for position 
comparison 


these, movement A in Fig. 1.1, is 
connected so that the position of its 
moving part depends on the charge 
on capacitor C. The other, termed 
movement B, has attached to its mov- 
ing part a clamping device. The posi- 
tions of the two moving parts are 
sensed in some manner which pro- 
duces a signal determined by the posi- 
tion of one relative to the other. 
Methods of comparison which could 


be used include electrical contacts on 
the moving parts, photo-electric 
methods, and methods depending on 
variations in inductance or capaci- 
tance due to relative movement. The 
method of comparison illustrated de- 
pends on the variation of capacitance 
between metal vanes attached to the 
moving parts. 

During a period when it is not re- 
quired to modify the stored quantity, 
movement B is clamped, and the out- 
put of the position-comparing system 
is applied to capacitor C in such a 
way that it produces a negative-feed- 
back loop which causes the position of 
movement A to be governed by that 
of the clamped movement B. The 
feedback loop incorporates capacitor 
C and, therefore, leakage in C is com- 
pensated. 

When it is required to modify the 
stored quantity, the output of the posi- 
tion-comparing system is transferred 
by switch S$ so as to actuate move- 
ment B. The clamping device is then 
released. The feedback is then such 
that A and B are maintained in the 
same relative positions as before. The 
stored quantity represented by the 
charge on C can then be modified, by 
circuits not shown in the figure, ex- 
actly as though simple capacitance 
storage had been used. 

When the modification is complete 
and a short time has elapsed to allow 
movement B to settle, the clamp is re- 
applied, and the output of the posi- 
tion-comparing system again applied 
to capacitor C. The modified quantity 
is then stored without drift. 

An experimental storage device of 
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this type has been demonstrated, and 
the method forms the subject of U.K. 
Patent Application No. 11072/60. The 
author is indebted to Mr P. Miiller 
for assistance with the electronic cir- 
cuitry, and to the Director of the 
National Physical Laboratory for per- 
mission to publish this description, 


-.. to FLOW 


Fuel mass flowmeter 


A new type of aircraft fuel meter, 
giving a direct measurement of the 
mass of fuel passing, has been de- 
veloped from a Bendix design by 
Elliott Brothers (London) Ltd. The 
transmitting element of the system 
produces a signal representing the 
torque required to impart a known 
angular velocity to the fuel, this 
torque being proportional to the mass 
flow. 

Fig. 2.1 illustrates the principle of 
the transmitter. The concentric cylin- 
ders A and B rotate in the casing C, 
which is effectively an enlarged section 
of the pipe-line. Cylinder A is driven 
at constant speed by a synchronous 
motor and a gear-box (not shown in 
the diagram). The motor and gear-box 
are housed in a sealed chamber moun- 
ted concentrically in the casing C, a 
magnetic coupling being used to trans- 
mit the drive through the sealed cham- 
ber to cylinder A. Cylinder B, which 


forms the outer shell of an impeller, © 


is driven by cylinder A through the 
spring D. 

The two rotating cylinders and the 
casing C are made of non-magnetic 
material, and are machined to close 
tolerances to reduce leakage paths 
through the impeller system to neglig- 
ible proportions. Thus virtually all the 
fuel flows through the internal seg- 
ments formed by radial vanes inside 
cylinder B. These vanes impart an 
angular velocity to the fuel passing 
through them. The reaction to the 
torque exerted by the vanes causes B 
to lag A by an amount depending on 
the mass of the fluid being accelerated. 

In order to generate ‘a signal repre- 
senting the angle of lag between A 
and B, a transformer-type pick-off is 
used. Iron strips, E and F, are 
attached to the circumferences of A 
and B respectively, each covering ap- 
proximately 180° of arc. The arrange- 
ment is such that at zero flow an 
almost complete circle of magnetic 
material is formed. During rotation, 
the two iron strips vary the coupling 
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Fig. 2.1 Schematic 
diagram of the 
transmitter. The 
rotating cylinder A 
drives the impeller 
B through the 
spring D 


Balance 
coil 


between the coils of the externally 
mounted pick-off transformer G. 

The output from this transformer 
will, at any given time, have an ampli- 
tude which depends on the coupling 
provided by the iron strips. Fig. 2.2 
shows a typical output waveform. It 
consists of a 400c/s carrier wave 
modulated to three distinct amplitudes. 
The smallest amplitude represents the 
period when neither strip is providing 
coupling; the large and intermediate 
amplitudes represent the periods when 
E and F provide the coupling respec- 
tively. While E is influencing the coup- 
ing, amplitude of the output wave is 
independent of the position of F. 

As the strips are ‘ out-of-phase’ 
when there is no flow, the duration of 
the low-amplitude portion of the wave 
is a measure of the lag between them, 
and consequently of the mass-flow. 

The output signal from the trans- 
mitter is taken to a computing unit 
which converts the signal to a form 
suitable for operating an integrator 
and rate-of-flow indicators. Briefly, the 
methods employed are as follows. 

For rate-of-flow indication, a poten- 
tiometer coupled to the indicator poin- 
ter produces a voltage proportional to 
the indicated value. This is converted 
to a series of rectangular pulses, of 
duration proportional to the potentio- 
meter voltage, by comparing it with a 
ramp voltage which is started at a 
time corresponding to the point P on 
the transmitted signal (Fig. 2.2); the 
duration of each pulse is the time 
required for the ramp voltage to reach 
the value of the potentiometer voltage. 
The length of the pulses derived from 
the indicator inthis way is compared 
with that of the pulses of the mass- 
flow signal from the transmitter, any 
difference producing a signal to cor- 
rect the indicator reading. 





IDEAS APPLIED .. . 


Excitation 
coil 


Output 


To obtain the integrated value of 
the flow, 400c/s pulses are counted 
during the period of the rate-of-flow 
signal. As the cylinders are being 

Pp 


o° 180° 360° 
Fig. 2.2 Typical output waveform from 
transmitter. The duration of the low 
amplitude portion of the wave is pro- 

portional to the mass flow 


driven at constant rev/min, the sum of 
these pulses over any period is pro- 
portional to the total fuel passed. The 
pulse count is divided so that each 
output pulse to the integrator repre- 
sents one mass-unit of fuel. 


... to SERVO-TESTING 





Assessment of performance using 
simple equipment 


J. D. LOCKE and W. G. PHILLIPS, B.Se., 
Philco International 


Recently the authors were faced with 
the problem of assessing the perform- 
ance and demonstrating the properties 
of servo systems designed for instruc- 
tional use. This involved showing the 
effect on the servo performance of 
each of the variables in the servo 
equation and rapidly comparing the 
results. It was felt that, for both sales 
demonstration and production testing, 





Fig. 3.1 Use of oscilloscope to provide 
a ‘step plus ramp’ input 














































































































































IDEAS APPLIED... 


speed was essential. The rapid chang- 
ing of the variables had already been 
allowed for in the design of the servo 
demonstration equipment, but to deter- 
mine the best method of testing and 
Cemonstrating the equipment a 
review was made of the practices 
already in common use. 

These methods are: (1) plotting a 
Nyquist diagram ; (2) plotting a phase 
plane diagram; (3) plotting gain and 
phase against frequency; (4) obtain- 
ing the response to a step input; (5) 
obtaining the response to a ramp input. 

Methods (1) and (3) are slow, even 
with automatic plotting equipment, 
especially where low natural fre- 
quencies are encountered. Method (2) 
can be done rapidly using a repetitive 
step, but it was felt that the presence 
of noise and ripple on the velocity 
signal made the resulting diagram di- 
ficult to interpret. Even with a perfect 
velocity signal the implications of the 
diagram are not obvious. 

Method (4) is rapid, using a repeti- 
tive step, but tells only half the story. 
The results, however, permit rapid 
interpretation and qualitative appre- 
ciation. Method (5) tells the other half 
of the story, but when d.c. sensing ele- 
ments are used these can only oper- 


Fig. 3.2a Sweep speed | sec/cm (actual 
length of time-base approximately 5 cm). 
Servo damping critical 


Fig. 3.2b As 3.2a, but sweep speed 


400 ms/cm 





Fig. 3.2c As 3.2a, but sweep speed 
100 ms/cm 


Fig. 3.2d Sweep speed 100 ms/cm, show- 
ing the effect of increasing the inertia 
of the mechanical load on the output 
by a factor of 3 


Fig. 3.2e Sweep speed of 100 ms/cm using 

0-05 uF across 1 MQ output rate damp- 

ing, and showing the effect of 0, 0-05 

and 0-] uF input rate damping across 
1 MQ 


Fig. 3.2f Sweep speed 400 ms/cm, show- 
ing the effect of altering the gear-ratio 
from 16:1 to 64:1 and 256: 1 





Fig. 3.2g Sweep speed 400 ms/cm, show- 

ing the effect of 0, 0°01, 0°05, 0-1 and 

0-25u“F output rate damping across 
1 Mo 





Fig. 3.2h Servo heavily overdamped, show- 
ing the effects of increasing the ramp 
speed from 12-5 V/sec to 24 V/sec and 
48V/sec. Sweep speeds 400 ms/cm, 
200 ms/cm and 100 ms/cm respectively 
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ate for a short time before their limits 
are reached. The ramp is normally 
provided by a constant speed drive 
to the input, making variation of the 
ramp speed inconvenient without a 
separate velocity servo. The great 
merit of this method is that, like 
method (4) the results (e.g. the velocity- 
lag) are obvious. 

It was therefore decided to use a 
combination of methods (4) and (5). 
A limit was imposed on the amount 
of test equipment used, in order to 
make it easily transportable and to 
avoid diverting equipment booked for 
other purposes. The method devised 
has since proved so effective that 
it was felt that it might be of interest 
to others working in this field. 

First a source of step and ramp 
inputs was required. Secondly, the 
servo output was to be displayed on 
an oscilloscope so that a rapid appre- 
ciation could be made of the result. 
As this involved synchronizing both 
ramp and step to the trace, the sweep 
waveform of the oscilloscope, suitably 
modified, was used to provide both 
inputs. The layout of the equipment 
used is shown in Fig. 3.1. 

The sweep output of the oscillo- 
scope is fed to a series diode limiter 



































where the limiting level is set to con- 
trol the step amplitude. The combined 
step and ramp is fed to the servo and 
its output displayed on the oscillo- 
scope. The servo response is automa- 
tically synchronized to the trace, and 
the ramp remains at the same angle 
on the trace when the sweep speed is 
switched. This latter quality is ex- 
tremely useful when measurements are 
to be taken of the velocity-lag for dif- 
ferent ramp speeds, i.e. different sweep 
speeds, as the reference line remains 
fixed. Using a long persistence tube 
and switching the sweep speed gives a 
series of parallel traces showing this 
effect. When showing the use of tran- 
sient velocity-feedback or error rate 
damping, the presence of the step also 
shows how the damping has been 
affected, as the capacitors involved are 
connected in the circuit. 

The eight accompanying oscillo- 
grams (Fig. 3.2) demonstrate the ver- 
satility of the method. The responses 
shown were obtained from a servo- 
system designed specifically for 
demonstration purposes. It covers six 
types of basic system and permits the 
rapid alteration of thirteen linear and 
non-linear variables affecting the per- 
formance of the system. 
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A WIRE-ROD MILL WHICH WENT INTO 
service last year at the Aosta works of 
an Italian steel firm, Nazionale Cogne 
Societa per Azioni, is now producing 
rods of quality steel for wire rope, 
ball-bearings, springs, tools and so 
forth. The tolerances and surface 
finish of the rolled rod are of a high 
order and this means that the rod 
must never be stretched between 
stands. In order to avoid this, loops 
are formed between one stand and the 
next. Furthermore, one rod. only can 
be rolled at a time and, therefore, in 
order to give a satisfactory rate of 
production, fast outgoing rod speeds 
are used. However, the loops between 
stands must be fairly short in order 
to obviate cooling, which would create 
a difference in temperature between 
the ends of the rod. 

This problem of loop regulation has 
been overcome with the aid of photo- 
electric equipment by the Swedish firm 
A.S.E.A., which company (or its licen- 
sees in Italy) provided the greater part 


of the electrical equipment for the 


Aosta wire-rod mill. A general view 
of the mill appears in Fig. 1. It con- 
sists of a three-stand roughing mill, an 
intermediate mill of three two-high 
stands, a four-stand looping mill, and 
a continuous rod mill consisting of 
three vertical and three horizontal 
stands. 

In the last stand of the continuous 
mill, the rod speed is more than 4000 
ft/min and as the loop formed to 
obviate stretching must not be so long 
as to lead to excessive cooling, the 
loop length is regulated to an accuracy 
of +4in. by accurate motor-speed 
control. It is understood that a speed 
error of 1% at this position would 
reduce the loop from its normal length 
of 16in. to zero in less than two 
seconds, with consequent stretching of 
the rod. 


The A.S.E.A. loop regulator 

Three of the four motors of the 
looping mill and all six motors of the 
continuous mill, are fitted with loop 
regulation equipment. This receives 
control signals from a photo-electric 
position transmitter which, in fact, 
Measures the angular co-ordinate of 
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Loop control in Italian rod mill 


Photo-electric loop regulation gives a high-quality product in spite of high rod speeds 
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Fig. 1 The rolling mill comprises roughing, intermediate, looping and continuous 
mills 


the boundary between a hot object— 
the loop —and its cold background. 
The principle will be apparent from 
Fig. 2. A rotating mirror is driven by 
a synchronous motor fed at the sup- 
ply frequency. This mirror reflects the 
radiation from the hot loop on to a 
photocell sensitive to infra-red rays, 
the latter emitting impulses having a 
phase-position dependent on the angle 
of incidence of the incoming radiation. 
These impulses are amplified and 
transmitted as ignition impulses to a 
thyratron regulator, the anode voltage 
of which is in phase with the voltage 
supplied to the synchronous motor. 
The output voltage of the thyratron 
regulator is thus dependent on the 
position of the loop, and is used as a 
signal in the control circuit for the 
speed regulation of the rolling-mill 
motors. 





Regulation at Aosta 

A simplified diagram of the loop- 
regulation arrangement for the con- 
tinuous and looping mills at Aosta 
works is shown in Fig. 3. The speeds 
of the individual driving motors are 
controlled by regulating their fields. 
The field winding of the motor is 
connected, in series with a booster 
exciter, to a constant direct voltage, 
and variations in the field current are 
made by changing the excitation, and 
hence the output voltage, of the 
booster exciter. The latter is controlled 
by a push-pull-connected magnetic 
amplifier, the output voltage of which 
is determined by the current level 
in the control winding. In the steady- 
state condition, the tachometer-genera- 
tor voltage is opposed and equal to 
the reference voltage, resulting in zero 
control current. 


50c/s 
aw Rotating Sychronous coe 
Fig. 2 The AS.E.A ™ mirror_.. —motor 220V 


photo-electric loop- 
regulator. A rotat- 
ing mirror driven 
by a _ synchronous 
motor reflects radia- 
tion from the loop 
on to a photocell, 
which thus provides 
a signal proportional 
to loop position 
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Fig. 3 The regulation circuit: (a) motor- 
speed regulation by field control; (b) 
loop regulation is provided by feeding 
loop-position signals into the speed- 
control circuit; fc) loop regulation cor- 
rected for temperature and roll-wear 


If motor speed falls, while the refer- 
ence voltage remains the same, the 
equilibrium in the control circuit is 
disturbed and a control current is 
obtained which affects the magnetic 
amplifier and consequently the booster 
exciter in such a way that the motor 
field current is reduced, whereupon 
motor speed increases and equilibrium 
is restored. The motor speed (which 
can be selected by varying the refer- 
ence voltage) is thus held virtually 
constant irrespective of variations in 
the load. 

However, the ratio between the out- 
going speed of the rod from a stand 
and the peripheral speed of the rolls 
is not constant, but varies with the 
temperature of the rod. The movement 
of the loop between two stands indi- 
cates how the individual speeds of the 


stands correspond to each other. By 
measuring the loop position, and by 
introducing the measured value into 
the control circuit, speed regulation is 
obtained which takes these variations 
into consideration. In fact the photo- 
cell arrangement already described, 
senses the position of the hot loop and 
provides an output proportional to 
loop deviation. This signal is amplified 
and introduced into the control circuit. 

Only three motors in the looping 
mill are fitted with loop-regulation 
equipment, the speed of the fourth 
stand being constant. Regulation is 
‘forwards’ in the continuous rod mill 
and ‘ backwards’ in the looping mill, 
so that the loop regulator in the con- 
tinuous mill controls the speed of the 
following stand, and, in the looping 
mill, the speed of the preceding stand. 
In the continuous mill, greater de- 
mands are made on regulation than in 


Fig. 4 Three of the 

eight loops in the 

looping mill are 

electrically regu- 
lated 


the looping mill. For this reason the 
rod mill’s loop-regulation equipment 
is supplemented by a device which 
automatically corrects the loop posi- 
tion for temperature variations, roll 
wear, etc. This device appears at the 
bottom of Fig. 3. The loop is correctly 


positioned when the voltage from the 
loop regulator is zero. While this 
voltage regulates the motor speed ex- 
tremely rapidly, it also (via a magnetic 
amplifier and a slow-running motor 
arrangement) resets the reference volt- 
age for the basic speed as soon as the 
voltage from the loop indicator begins 
to deviate from zero. 

This means that the mill will auto- 
matically operate at the correct motor 
speed even if that speed has been in- 
correctly set. When changing the roll- 
ing programme, the speed is set so 
that the rod is stretched between the 
stands. The loop-regulation arrange- 
ment then takes over and adjusts the 
motor speed so that all loops are of 
the correct length. 


Reliability 
According to A.S.E.A. the relative 
complication of the regulation equip- 


ment at the Aosta mill has not led to 
any reduction in operational service- 
ability, and highly-qualified service 
personnel are not necessary. They sug- 
gest that this is due to the extensive 
use of magnetic amplifiers rather than 
electronic valve systems. 


Order mechanization at Shell-Mex and B.P. 


Creed's data-handler, Doris, speeds clerical procedure at Royston 


A MAJOR PROBLEM AT THE OIL COM- 
panies’ distribution depots, is the hand- 
ling of large numbers of telephoned 
orders by manual clerical methods. 
The magnitude of the problem will be 
appreciated when it is realized that 
such a distribution centre has to cater 
for the differing requirements of a 
large number of customers, with all 
the complication entailed by the vari- 
ous brands and grades of oils, petrols 
etc., which may be marketed. Control 
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recently re-visited the Shell-Mex and 
B.P. depot at Royston (see these 
columns, page 169, May 1960), where 
this problem is being tackled with 
some success. There we saw a trial run 
of Doris (direct order recording and 
invoicing system), a data-handling sys- 
tem developed by Creed and Co. in 
conjunction with Shell-Mex, which en- 
ables one operator to handle a tele- 
phoned order of average complexity 
in about fifteen seconds. 


The input console at which the 
operator sits is shown in Fig. 1. This 
has 3000 push-buttons carrying cus- 
tomers’ names in alphabetical order. 
(About 1300 are in use at Royston.) 
A central panel carries push-buttons 
covering product, quantity required, 
delivery date, method of delivery, 
packing, and certain special instruc- 
tions. 

As an order is received by tele- 
phone, the operator presses the ap- 
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propriate customer-button and then 
sets up details of the order on the 
central panel. In the event of any vital 
information being forgotten (e.g. date 
of delivery), a warning light appears 
over that particular section. A ‘ trans- 
action’ button clears each item, and 
an ‘end of order’ button clears the 
console. All this information is 
punched in code on to an order record 
(input) tape, with the exception of 
quantity which is punched directly in 
gallons. 


Searching the tape stores 


The input tape passes automatically 
to a tape-reader, and its various codes 
instigate a search—this takes about 10 
sec—in three tape-stores. These are: 
‘delivery information store’, which 
contains delivery address, invoicing 
address if different from the former), 
standard special instructions affecting 
delivery, customer’s punched-card 
number, an area code, and the sales 
representative’s code; ‘terms of trade 
store’, which contains the particular 
trading information applicable to the 
product groups taken by each cus- 
tomer; and ‘product store’, which 
contains full details of all products 
which are likely to be ordered. 

On reference to Fig. 2 it will be 
seen that the information from these 
stores, plus that on the input tape, is 
fed to the program and control cir- 
cuits, where it is put into sequence to 
feed the output printers and reper- 
forator. 


Pricing 

As information is fed to these out- 
put mechanisms, the zone price for a 
particular brand is fed to the ‘ selling 
price evaluator * together with relevant 
rebate information from the terms of 
trade store. The evaluator is an arith- 
metic unit, which calculates the exten- 
ded value of each transaction, and 
adds the cost of all transactions on 
each order to give a final invoice total. 

In this manner, the output printers 
and perforator obtain all the infor- 
Mation required to print a delivery 
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Fig. 1 (left) Doris’s 
input console 


Fig. 2 (below) Sche- 

matic diagram of 

order - processing 
equipment 
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Stock transfers. 
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note and invoices. The output per- 
forator produces a tape carrying the 
customer’s name-code by punched- 
card and ledger numbers, all order 
details, and additional statistical infor- 
mation. This output tape, which is 
automatically over-printed with the 
order serial number to facilitate iden- 
tification, is held in a tape rack pend- 
ing the delivery of the order to the 
customer. When the tanker driver has 
delivered the order, he returns the 
delivery note, and the appropriate 
tape may then be removed from the 
rack and summarized. 


Stock control and accounting 

The output tape is fed to the sum- 
marizer-reader, the summarizer (see 
Fig. 3) then totalling the number of 
gallons of each type of fuel delivered, 
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and the final value of all orders. At 
the end of each day, a summary is 
printed for each main product group, 
together with the total monetary value 
by credit and cash deliveries for local 
stock and cash control. A copy is also 
sent to divisional office for area stock- 
control. As each delivered order is 
summarized, the reperforating punch 
produces a tape perforated in punched- 
card notation for each transaction of 
each order. These tapes are transmitted 
to the divisional office for the informa- 
tion to be transferred on to punched 
cards for customer accounting. 


Terms of 
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Amending the stores 


Periodically, information on one or 
more of the storage tapes will have to 
be amended. To do this, a copy of 
the original tape is itself automatically 


Ow 
office 
tape 


Fig. 3 Completed orders are summarized 
for stock control, etc. 


copied, the copy-punch having an 
automatic counter which is pre-set to 
the code number identifying the cus- 
tomer whose details are to be altered. 
When this number is reached, the 
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machine stops and the operator 
switches the punch from automatic to 
keyboard operation, and inserts the 
new information manually. The punch 
is then allowed to run on until the 
next customer’s code number, whose 
details require amendment, is reached, 
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Instrumentation 


THE STATIC PERFORMANCE-TESTING OF 
rocket-propulsion units calls for ex- 
tensive recording of such parameters 
as temperature, pressure, rate of flow 
and thrust at hundreds of different 
points. Typical test runs are of short 
duration—a minute of two at most— 
and it is therefore essential that the 
instrumentation should be reliable, 
obtain information at a high rate, and 
present it in such a way that it can be 
interpreted in detail. 

At the Ministry of Aviation’s Spade- 
adam, Cumberland, rocket-testing estab- 
lishment, where Rolls-Royce are test- 





























Fig. 1 Part of one of the control block- 
houses at the Spadeadam rocket-test 

site. The pad is viewed through the 

episcope in the right wall, or by means 

of the periscope in the roof. Some con- 

trol desks and recorders are visible at 

the left. Note Pye television monitors 

ing their L.r.b.m. (Bluestreak) engines, 
a complex system of instrumentation 
is being installed to extract the fullest 
information from each test run. There 
are several independent test pads for 
static firing, each of which is re- 
motely controlled from underground 
blockhouses. Part of the control area 
of one such blockhouse is shown in 
Fig. 1. Firings are observed through 
the episcopic window in the wall at 
the right, while the submarine-type 
periscope in the roof can be lowered 
to give a close-up view of the pad. On 
the left are control desks, while behind 
them are some of the recorders which 
obtain the physical data on each test. 
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and so on until all alterations have 
been made. 


Conclusion 

Control was much impressed by this 
apparently successful mechanization of 
a complex clerical procedure. Al- 


at Spadeadam 


The instrumentation was the respon- 
sibility of the Pye Group as sub- 
contractors to a consortium, British 
Oxygen Wimpey, who built the Spade- 
adam establishment to the require- 
ments of the Ministry of Works. 
Various Pye subsidiaries were con- 
cerned: Pamphonic Reproducers sup- 
plied public address and intercom- 
munication equipment as well as 
acceleration-testing systems; W. Wat- 
son & Sons provided the episcopes for 
remote viewing of tests; Pye T.V.T. 
were responsible for closed-circuit 
television equipment; Pye Telecom- 
munications provided mobile radio on 
site during installation; and probes, 
displacement transducers, cathode fol- 
lowers and resistance thermometers 
were supplied by W. G. Pye, Labgear 
and T.V. Manufacturing. 


Honeywell recorders 

It is demanded of the recorders 
at Spadeadam that they should be of 
high sensitivity and speed of response, 
free from interference over the long 
transmission lines between pad and 
control room, reliable and flexible, 
and enable rapid changes of range to 
meet variations in test criteria. 

They are, in fact, based on standard 
recorders in the Electronik range made 
by Honeywell Controls, modified to 
cater for the special requirements of 
rocket-motor testing. These instru- 
ments are of the well-known self- 
balancing type in which accuracy is 
obtained by continuous voltage- 
balance, the incoming signal, propor- 
tional to the variable being measured, 
being balanced in a bridge circuit 
against a standard signal derived from 
a known voltage. Any unbalance in 
the two values, due to a change in the 
input, is amplified and used to drive a 
motor which moves a slidewire poten- 
tiometer to restore balance. The bal- 
ancing movement is transmitted to the 
recording pen and pointer which, 
therefore, move by an amount pro- 
portional to the change in input. The 
process is carried out continuously to 
an accuracy of +0°25% in the 10mV- 
range and to + 03% in the 5mV- 
range. Constant voltage units employ- 














though Doris is not yet fully opera- 
tional at Royston, there is every 
reason to believe that the problems 
associated with handling telephoned 
orders at peak periods have been 
overcome. Equipment of this type may 
well become standard. 


in a Zener diode standardize the bal- 
ancing voltage. 

Since the duration of a test run is 
so short, the record must be complete 
from the first instant, and to ensure 
this a special inking system has been 
devised to overcome the possibility of 
sluggish pen operation after a period 
of rest. The pen itself is jewel-tipped, 
and the reservoir supplying it with ink 
is pressurized by an air supply. This 
arrangement is understood to ensure a 
good but controlled supply of ink 
right from the start of recording. 

Another feature of these instruments 
is that the chart-speed can be altered 
quickly for different types of measure- 
ment. In normal industrial service, 
chart-speed is changed only rarely, and 
the standard arrangement of changing 
the drive pinions is perfectly accept- 
able. But as hundreds of recorders 
must be attended to, and perhaps re- 
set for tests occurring in rapid succes- 
sion, the pinions have been replaced 
by a gear-lever change system. To 
provide for the rapid interchange of 
instruments for a variety of tests in- 
volving different sensing heads, the re- 
corders accept inputs over an imped- 
ance range from 0 to 5000 ohm. 

The speed of response to transient 
signals is also important, and Honey- 
well claim that by reducing the weight 
of moving parts they have achieved a 
figure of 0-9 sec for full-scale deflec- 
tion over the 11-in. chart. 

The installation includes an alarm 
feature, covering the desired ‘high’ 
and ‘low’ limit values. 

The blockhouses are some distance 
from the test pads and linked to them 
by cables carrying signals from the 
various sensing devices to the instru- 
ments. Special circuits have been built 
into the recorders to eliminate inter- 
ference between the various channels, 
while the full sensitivity necessary to 
handle the small outputs of some of 
the elements (5 mV for full-scale de- 
flection in some instances) is retained. 

Although these recorders are based 
on standard instruments of the type 
used in oil refineries and other process 
industries, the demands of the job 
have resulted in ‘ specials’ which are 
superior to the standard model it 
certain respects. Control understands 
that these modified instruments are 
now generally available. 
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PEOPLE 
IN CONTROL 


Texas Instruments, along with the 
other semiconductor firms, appear to be 
girding their loins for the battle to 
come. I gather that there are now ump- 
teen firms in the field, and it looks as 
if they can’t all obtain more than their 
fair share of the market. Last month I 
reported Texas’ reorganization which 
would make one department wholly 
responsible for a particular product, 
from development to sale. Now I learn 
that C. P. Dotson, Texas’ Chairman 
‘has, with regret, accepted the resigna- 
tion of Dudley Saward as Managing 
Director ’. Saward, who remains a Direc- 
tor, intends devoting more time to his 
other activities. He is known to be inter- 
ested in space research, but I expect to 
hear shortly of his accepting another 
sertior appointment within the electronics 
world. The new M.D. at Texas is A. N. 
Provost, who held a number of senior 


posts in the U.S.A. before joining Texas 


Instruments Inc. in Dallas. 

Also in the semiconductor world, 
W. N. Richardson has been appointed 
Marketing Manager of Hughes Interna- 
tional (U.K.) Ltd. Richardson, who was 
Commercial Manager of Plessey’s Tow- 
cester Division, and, before that, General 
Sales Manager of Salford Electrical 
Instruments, will initially be concerned 
with (U.S.) Hughes Aircraft’s semicon- 
ductors, most of which are now in pro- 
duction at the Glenrothes, Fife, plant. 


SAWARD 
new job? 


PARTOS 
new factory 


I was interested to learn that Dr Paul 
Partos, Manager of Honeywell Controls’ 
Systems Division, is to head a new 
30,000 ft? Honeywell factory at Hemel 
Hempstead. I gather that they hope to 
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by Staffman 


commence operations—the manufacture 
of data handling and computing systems, 
scanners and panels for complete indus- 
trial control schemes—early in 1961. 
Partos was, of course, with Elliotts for 
some years, being Chief Engineer of the 
Systems Division and Technical Mana- 
ger and Chief Engineer of Panellit, prior 
to joining Honeywell last year. 


LUPTON 
contracting 


RICHARDSON 
marketing 


Neville L. Lupton, who becomes Con- 
tracts Manager of Plessey’s Electronics 
and Equipment Group, joined Sperry in 
1941 after service with the R.A.F. Sperry 
seconded him to the U.S. 8th A.A.F. as 
in armament specialist, and he later 
founded and became chief instructor of 
the U.S. Power Turret School at Kirk- 
ham, Yorks. Lupton returned to Sperry 
in 1944, remaining there until joining 
Microcell in 1958. He was Microcell’s 
Commercial Manager prior to joining 
Plessey. 


American Machine and Foundry— 
A.M.F.—is_ establishing a _ laboratory 
near London, for research into chem- 
istry, physics and electronics. This pro- 
ject is being directed by Hamilton Her- 
man, Vice-President and Director of 
R. & D. for A.M.F., and organized by 
J. Wilson and Dr A. D. Booth, Wilson 
managed Triplex Safety Glass’s Research 
Laboratory at one time, built up the 
British Rubber Producers’ Research 
Association for the Colonial Office, and 
from 1947-57 built up the British Rayon 
Research Association under D.S.LR. 
Booth should be well known to readers 
of Control—see, for example, his The 
diverse nature of switching (published 


last June), a discussion of an interna- 
tional symposium held at Harvard. An 
X-ray crystallographer at one time, he is 
probably best known for his work with 
computers—he is London University’s 
Director of the Department of Numeri- 
cal Automation. 


A new tracing attachment for machine 
tools (the Mimik tracer—see News 
Round-up) was demonstrated in London 
recently by Lincoln S. Magor, president 
of the Canadian firm Retor Develop- 
ments. Commenting on his comparty’s 
origins, Magor explained that he ori- 
ginally formed Magor Aviation, to 
develop a novel v.t.o.l. aircraft. This 
project was eventually abandoned, the 
reason given—not entirely seriously I 
suspect—being that the cost of hiring 
computer time for checking calculations 
was found to exceed the estimated cost 
of producing a prototype aircraft. After 
linking with Barrett’s Engines, and be- 
coming Retor Developments, the com- 
pany turned its attention to machine 
tools. The tracer has apparently already 
achieved considerable success in Canada 
and the U.S.A., and they are now attempt- 
ing to enter the European market. Magor 
remarked that they were starting with 
the U.K., partly because they hoped the 
linguistic difficulties here might be less 
acute than elsewhere. 


I hear from P. B. Ades of Airmec that 
he has been appointed Sales Director, 
and that a colleague, B. J. S. Tetlow, be- 
comes Works Director. Both have been 
with Airmec since 1947, prior to which 
Ades was with Marconi Instruments, and 
Tetlow with Philco. 


ADES 
directing sales 


Solartron’s fifth employee—he joined 
the Group in early 1949—Wilfred J, Fry, 
a director of Solartron Research and 
Development, has been appointed Sales 
Director and Commercial Manager of 
Solartron-John Brown Automation. Last 
year Fry was responsible for forming 
Solartron’s division concerned with ana- 
logue computation and industrial data 
processing. Now I suppose he will be 
mainly concerned with the exploitation 
of ‘automated commodity dispensing 
systems’ such as the Gompertz automa- 
tic warehouse for which the Solartron- 
C.J.B. company holds the world rights. 
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AUTHORS IN CONTROL 


K. C. Garner (Interkama in Diisseldorf, 
page 84). See page 121, June 1960. 


R. S. Medlock (Progress through instru- 
mentation, page 86) joined George Kent 
Ltd as a research electro-chemist in 
1935, on graduating from University Col- 
lege, London. In 1940 he was a control 
engineer, and six years later Research 
Manager, becoming Research and Deve- 
lopment Manager in 1948. He became 
Technical Director of George Kent Ltd 
in 1956, Technical and Home Sales 
Director in 1958, and, more recently, 
Engineering and Research Director. A 
Member of the LE.E. an A.R.LC. and 
A.M.I.Mech.E., Medlock was President 
of the Society of Instrument Technology 
during 1959-60. He specializes in process 
control, electro-chemical measurements, 
and electronic measurement, and is 
Control's consultant on engineering and 
applications. 


John Tindale (Control mechanisms for 
nuclear reactors—A, page 89) received 
early training as a prize engineer-pupil 
of Fraser and Chalmers Engineering 
Works Ltd, during which time he read 
mechanical sciences, electrical technology 
and power transmission, and land survey 
as an external undergraduate of London 
University. He was elected Graduate and 
Associate Member of the Institution of 
Mechanical Engineers in 1931 and a full 
Member in 1946. He joined Spencer 
(Melksham) Ltd as a designer of mech- 
anical handling equipment and later 
Strachan and Henshaws of Bristol in a 
similar capacity. In 1929 he was 


MEDLOCK TINDALE 

appointed Assistant Chief Development 
Engineer of the Avon India Rubber 
Works, leaving in 1931 to join Vickers- 
Armstrongs’ Gun Fire Control Depart- 
ment. During the war he was loaned to 
the Admiralty at the request of the 
Director of Naval Ordnance. In 1946 he 
re-joined Vickers-Armstrongs tq take up 
a new appointment in charge of the Re- 
search and Development Department at 
Crayford. In 1948 he was appointed 
Chief Engineer at the Research Labora- 
tories of Elliott Brothers (London) Ltd. 
Later he became Manager of Elliott’s 
Mechanical Engineering Division, and at 
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present holds the position of Assistant 
Joint General Manager. 


Peter Sutherby (Computers for process 
automation, page 93) graduated in mathe- 
matics from Peterhouse, Cambridge, in 
1954 and joined Elliott Brothers in 
January 1957, after working for Bristol 
Aircraft Ltd on the performance and 
stability of helicopters. He started work- 
ing on industrial digital-control systems in 
the Research Division at Borehamwood, 
and in 1958 joined the Systems Group 
at Lewisham. In 1959 he worked in the 
Analogue Simulation Service for a 
period and co-operated in early work on 
the Optimat process-control computer. He 
is now Head of the Systems Study De- 
partment of the newly-formed E. A. 
Automation Systems Ltd. 


SUTHERBY FINKELSTEIN 


Ludwik Finkelstein (The theory of in- 
variance, page 96) was educated at the 
Northern Polytechnic (University of 
London) where he read physics and 
graduated in 1959 with the degrees of 
B.Sc. (General) in pure mathematics, 
applied mathematics and physics and 
that of B.Sc. (Special) in physics. After 
a year on the technical staff of Electronic 
Tubes Ltd, he joined the Mining Re- 
search Establishment of the National 
Coal Board where he was concerned with 
the applications of instrumentation in 
mining. In December 1959, Finkelstein 
was appointed Lecturer in Measurement 
and Automatic Control at the Northamp- 
ton College of Advanced Technology, 
London. An A.Inst.P., he took his M.Sc., 
at the Chelsea College of Science and 
Technology, by part-time study, with a 
dissertation on Magnetostrictive trans- 
ducers. 


A. J. Morton (Boiler feed discharge sys- 
tems under changing load, page 99) 
graduated from Manchester University 
with first class honours in mechanical 
engineering, and entered the R.N.V.R. 
in 1944, serving as a_ watchkeeping 
engineer officer in the British Pacific 
Fleet. In 1947 he joined the Parsons 
Marine Steam Turbine Co. Ltd, and 
later became a lecturer in engineering at 
the University College of Swansea. He 
was awarded the degree of M.Sc. (Man- 


chester) in 1959 for a thesis on turbine 
critical speeds. From 1952-58 he. worked 
on full-scale naval boiler and turbine 
trials at Pametrada (where the work on 
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which his present article is based was 
carried out), and then joined the project 
staff of the Hawker Siddeley Nuclear 
Power Co. Ltd. He took up his present 
appointment as Head of the Mechanical 
Engineering Section in the Power Gen- 
eration Branch of the C.E.G.B. Research 
and Development Department in 1959. 


P. F. Blackman (Pole-zero approach to 
system analysis—1, page 102) graduated 
from University College, London, in 
1951, and was a postgraduate student at 
Imperial College until 1955. He was then 
appointed lecturer in the Control Sec- 
tion of The Department of Electrical 
Engineering at Imperial College. During 
1957-58 Blackman spent a year in the 
Department of Mechanical Engineering 
at the Massachusetts Institute of Tech- 
nology. 


J. J. Foody (Controlling v.t.o.l. aircraft 
at transition speeds—3, page 107). See 
page 125, September 1960. 


J. R. Spencer (Miniature recorders, page 
112) was with Muirhead and Co. Ltd, 
initially in the Instrument Wiring Shop 
and then in their Test Room. Whilst 
there, he attended part-time day courses 
at The Northampton Polytechnic, ob- 
taining a H.N.C. in electrical engineer- 
ing in 1951. Later that year he took up 
an appointment with The British Iron 
and Steel Research Association, working 
on instrument development, mainly in 
connexion with automatic control, 
although it did include some time in a 
team doing more fundamental work 
under the consultancy of Prof. E. N. da 
C. Andrade, F.R.S. In 1954 he entered 
University College, London, to read 
mathematics and physics and, after 
graduation, was employed as an instru- 
ment design engineer in the Chief En- 
gineer’s department of British Nylon 
Spinners at Pontypool. Spencer then 
joined his present employers, The British 
Petroleum Co. Ltd, initially at the Sun- 
bury Research Laboratories, and later 
being transferred to the Control En- 
gineering and Instrumentation Group at 
B.P.’s Head Office. He was responsible 
for laying down the specification for 
Ceres—control engineering research 
electronic simulator. 
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Perini GIR? daca ticaieacal 
Conference reform 


In Control's leader last September 
the hope was expressed that the 
British Conference on Automation 
and Computation would be ‘ reborn 
and magnified’ after the London sym- 
posium on the recent Ifac Congress 
(the symposium was reported in last 
month’s News Round-up). Readers 
will hear with mixed feelings that the 
hope has been fulfilled—mixed feel- 
ings because the new babe may not 
be lusty enough nor the magnification 
great enough. 

It was agreed on October 10, at a 
meeting of the B.C.A.C.’s three groups, 
that the Conference would operate 
more effectively under a central coun- 
cil. The groups have now merged, 
adopting as their objects: — 

a To stimulate interest in, to spread 

knowledge of, and to foster the 

development and applications of 
automatic control .and computation 

b To afford a common meeting 


ground for the adhering organiza- . 


tions whereby such of their activi- 

ties as fall within the purview of the 

Conference can, if they so desire, 

be co-ordinated and extended 

ce To encourage and, if desired, to 

co-ordinate the presentation at 

international conferences of British 
papers whose subjects fall within 
the purview of the Conference 

d To maintain, as may be desirable, 

liaison with other countries which 

support such international confer- 
ences. 

Detailed proposals will be con- 
sidered shortly by the executive com- 
mittee in which, under the new con- 
stitution, the B.C.A.C.’s management 
is vested. Chairman of the Conference 
is Sir Walter Puckey, with Messrs L. T. 
Blakeman, J. F. Coales and H. G. 
Conway as Vice-chairmen. Mr. W. K. 
Brasher (Secretary of the I.E.E.) is 
the Hon. Secretary, and the LEE. 
will provide secretarial service. On the 
executive committee with the honor- 
ary officers will be: Dr E. H. Bate- 
man (Structural Engineers), Mr W. J. 
Carron (T.U.C.), Mr E. C. Clear Hill 
(B.C.S.), Mr W. C. F. Hessenberg 
(fron & Steel Institute), Prof. G. D. S. 
MacLellan (I.Mech.E.), Prof. P. B. 
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NEWS ROUND-UP 


from the world of control 


Morice (Civil Engineers), Sir Charles 
Norris (British Productivity Council), 
Prof. E. J. Richards (R.Ae.S.), Mr 
E. S. Sellers (I.Chem.E.), and a repre- 
sentative of the British Institute of 
Management. 

The following organizations have 
transferred their allegiance to the 
new Conference: Association of Cer- 
tified & Corporate Accountants ; 
British Computer Society Ltd ; British 
Institute of Management; British Pro- 
ductivity Council; Chartered Insti- 
tute of Secretaries ; Institutes of Cost 
and Works Accountants, Fuel, Marine 
Engineers, Materials Handling, Metals, 
Personnel Management, Petroleum, 
Physics and Physical Society, Weld- 
ing; Institutions of Chemical Engin- 
eers, Civil Engineers, Electrical Engin- 
eers, Engineering Inspection, Gas 
Engineers, Mechanical Engineers, 
Mining Engineers, Municipal Engin- 
eers, Plant Engineers, Production 
Engineers, Structural Engineers, Water 
Engineers; [ron & Steel Institute; 
Royal Aeronautical Society; Society 
of Instrument Technology ; Tavistock 
Institute of Human Relations ; Trades 
Union Congress. The Department of 
Scientific & Industrial Research is 
listed as an ‘ Observer ’. 


eae: NR cerceterraens 
Telemetry consortium 


A major air-to-ground multi-channel 
telemetry system developed by Elliott 
Brothers, McMichael Radio, Rank 
Cintel, Southern Instruments and W:S. 
Electronics, in conjunction with 
R.A.E., Farnborough, is to be ex- 
ploited at home and overseas by a 
consortium of the five firms. W.S. 
Electronics acts on behalf of the con- 
sortium, which has been formed on 
the recommendation of the Ministry 
of Aviation. 


CJ.B. control E.£. tunnel 


The integrated control and operating 
system for English Electric’s Mach 6 
blow-down type wind tunnel at War- 
ton Aerodrome, Lancs., was installed 
by the Automatic Control Division of 
Constructors John Brown. The wind 
tunnel, which will be used for g.w. 
research, is designed to run for inter- 
mittent short periods at airspeeds up 





to 4500 mile/h and operating speeds 
of the control system are fairly high. 
The control system is used to set up 
a wide range of operating conditions 
quickly and safely with self-checking 
facilities, and also provides for fully- 
automatic or manual operation of the 
tunnel. Extensive interlocking, in- 
herently safe circuits and the use of 
fast-acting emergency systems, are said 
to prevent dangerous conditions. 

In general, the operating systems 
are of the high-pressure, oil-hydraulic 
type, the control circuits being elec- 
tro-mechanical and electrical, a num- 
ber being designed for precise posi- 
tioning. The wind tunnel is controlled 
from a central console and separate 
local panels are provided for setting-up 
and checking the various sections of 
the tunnel. 


Trident control 


Experience of carrying out automatic 
aircraft landing in thick fog sug- 
monitoring dis- 


gests that basic 





The D.H. Trident’s flight control sys- 

tem. The instrument system layout 

(top) bears a natural relationship to the 
controller (bottom) 
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plays should be clear and simple, 
according to A. M. A. Majendie of 
Smiths Aviation Division in a paper 
Aspects of instrument development 
for all-weather operation, presented 
before the Guild of Air Pilots and Air 
Navigators, last month. Warning in- 
dications must be bold and unam- 
biguous, and emergency controls and 
disconnect devices, obvious, positive 
and natural. The instrument system 
layout (illustrated) for the D.H. Tri- 
dent jet airliner is intended to meet 
these demands. The central controller 
(also shown) for the complete flight 
control system, has a similar layout 
to the instrument display, giving a 
natural relationship between the two. 
The controller provides all controls 
including flight director functions, full 
manometrics (including twin air-data 
computers), an automatic throttle con- 
trol system, all normal autopilot 
functions including dampers, full auto- 
matic landing and automatic over- 
shoot for emergency use. Majendie 
said that the controller's design had 
provided Smiths with one of the most 
difficult tasks they had ever faced. 
Despite its relatively simple appear- 
ance, it provides over 3000 different 
combinations of switch-position—no 
mean task for the systems analyst. 


1.E.E.-R.AeS. forum 


A joint forum of the Institution of 
Electrical Engineers and the Royal 
Aeronautical Society has been formed 
to enable engineers in electrical engiti- 
eering and aircraft construction to 
meet to discuss problems and new 
ideas affecting their common interest 
in aircraft electrical engineering. A 
Joint Committee has been set up 
under the chairmanship of Professor 
G. A. Whitfield of the College of 
Aeronautics, Cranfield. 


Ay. elec. and industry 


The recent Brit.I.R.E. Convention on 
Aviation Electronics and its Industrial 
Applications, disappointed in that it 
did not really cover the intended 
theme—i.e. that work in aircraft elec- 
tronics could be applied to problems 
in general industry. The papers were 
of some technical interest, however, 
although only System engineering in 
theory and practice by M. James and 
G. S. Evans of de Havilland, appeared 
to stick to the point. A great deal of 
interest was aroused by Symmetrical 
transistors as a.c. or d.c. switches and 
their applications in modulator and 
demodulator circuits by J. Evans, 
D. A. Gill and B. R. Moffit of Smiths. 
The problems of choppers, or tran- 
sistor switches, are, of course, much 
in the news at the moment. 
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GAS TELEVISION The Northern Gas 
Board’s new Sunderland gas works 
employs Pye closed-circuit television 
equipment for the remote viewing of 
instrument readings. Five cameras, posi- 
tioned throughout the works, transmit 
instrument information to a central con- 
trol room. The operator can view pic- 
tures from any of the cameras, and 
direct a particular camera on to any 
instrument within its range of view 


__—— EXHIBITIONS —— 
Big three still independent 


The second Interkama—lInternational 
Congress and Exhibition for Instru- 
mentation and Automation—which 
completed its eight-day run in Diissel- 
dorf on October 26 (see K. C. Garner’s 
Interkama in Diisseldorf, page 84), 
appears to have been a great success, 
at least, so far as the exhibition was 
concerned—the congress was marred 
by a lack of pre-prints, and too little 
discussion. According to the organ- 
izers, the exhibition was attended by 
110,000 visitors, 35% of whom came 
from outside Germany. 

Interkama is, of course, one of the 
three great international control and 
instrumentation shows of western 
Europe. Our own I.E.A.—Instruments, 
Electronics and Automation Exhibi- 
tion—occurred last May and, being a 
biennial event, should take place again 
in May 1962. The comparable French 
exhibition, | Mesucora—International 
Exhibition of Measurement, Control, 
Regulation and Automation—takes 
place from May 9-17, 1961. These 
three international exhibitions must 
obviously overlap to a great extent, 
although it is hard to say whether this 
is necessarily a bad thing or not. It 
is rumoured, however, that the Inter- 
kama authorities approached I.E.A. 


visitors to the Diisseldorf show, and 
suggested that each of the three exhibi- 
tions should be held at three-yearly 
intervals on dates arranged so that they 
would not overlap. The I.E.A. people 
are supposed to have replied that they 
would inform their committee of this 
Suggestion, but held out very little 
hope of its acceptance. 

Presumably the LE.A. feels strong 
enough to compete at the international 
level with its continental rivals, and, 
therefore, sees no reason to reduce its 
exhibitions from one every two years 
to one in every three. There is also 
another possible reason for the I.E.A.’s 
apparent preference for competition 
rather than alliance. The I.A.E.’s 
organizers are also responsible for the 
Radio and Electronic Component 
Show (May 30-June 2, 1961). These 
two affairs are held in alternate years, 
and the many firms who show their 
products at both exhibitions are able 
to look upon them as a single event. 
In other words, far from being willing 
for the I.E.A. to take place triennially, 
certain British firms appear to want an 
international instrumentation and con- 
trol show to be held in London every 
year. 


A large market for control 


Last month, Control visited the first 
Effluent and Water Treatment Exhi- 
bition and Conference, which was 
designed to bring together firms with 
effluent problems, local authorities, 
and manufacturers of treatment plant. 
The large attendance indicated a 
growing interest in this controversial 
(and sometimes litigious) subject. Ex- 
hibits of control-engineering interest 
included pH recorder-controllers, flow- 
meters, pressure and level indicators, 
etc. It would appear that there is a 
large potential market for systems for 
the automatic control and instrumen- 
tation of effluent disposal. 


sntpsteceecenites’ IAT: —saciinecriacl 


Bisra's Buxton conference 


Last month’s Bisra conference on 
automation in the iron and steel in- 
dustry is understood to have been 
successful. It was, however, a ‘ closed’ 
conference so the press did not attend, 
and Control has no direct knowledge 
of the manner in which the would-be 
industrial user of automatic control 
techniques received Bisra’s somewhat 
advanced ideas on the subject. To 
write of Bisra’s ideas as ‘ advanced’ is 
not meant to suggest that they are of 
the blue-sky variety, but rather that 
the industry with which Bisra is con- 
cerned may not be quite as farsighted 
as its research association. The British 
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iron and steel world has achieved a 
tremendous amount since the war, but 
js enough known of the brutal art by 
which steel is produced to enable its 
proper instrumentation, let alone its 
production under computer control? 

This aspect was touched on by 
Lord Halsbury, who delivered the 
opening address. He emphasized that 
the first step toward automation in 
any industry was the collection of 
operating data by means of full plant 
instrumentation. Only after complete 
operating data were available could 
the necessary operating rules be cal- 
culated for use with on-line computers 
in the automatic control of processes. 

Mr S. S. Carlisle, an Assistant 
Director of Bisra, followed this open- 
ing address with an introductory re- 
view of automation in the iron and 
steel industry. He discussed sectors in 
which he felt the technology was 
already available to apply more auto- 
mation—hot and cold strip mills, pri- 
mary and plate mills and forging 
presses—and considered that there 
was virtually complete instrumenta- 
tion of blast- and open-hearth fur- 
naces. However, the case for further 
automation had to be properly evalu- 
ated, and it was necessary to learn 
more about the fundamental logic and 
technology of processes. 

After a paper by Mr R. C. Gardner 
of The Reed Paper Group on auto- 
mation in the paper industry, there 
was a general discussion and a ‘ brains 
trust ’. Not having been there, Control 
is unable to gauge the attitude of the 
conference towards 
questions as, is it worth while, how 
much will it cost, can it be done, 
can we afford it? Such questions as 
these will doubtless be speedily re- 
solved once our foreign competitors 
have installed auto-control but, until 
then, finance, scepticism and apathy 
will probably prevent the British steel 
industry from paying very much more 
than lip service to closed-loop control. 


+ MORE CARS 
Crowthorne Research Track 


The new road research track of the 
Road Research Laboratory was visited 
by Control late last month, and 
although nothing astonishingly new 
was to be seen, it was encouraging to 
find that this country is beginning to 
show some practical awareness of a 
subject which has received consider- 
able attention abroad. Built at a cost 
of about £0-5m, the new track will be 
used mainly for research on traffic and 
safety measures, with particular em- 
phasis on the behaviour of the driver- 
vehicle combination. Means are pro- 
vided for experiments on guidance 
and control of vehicles in fog. A wire 
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laid below the surface of the road is 
the basis of the guidance system, 
vehicle deviations from the line of the 
wire being shown by an indicator in 
the car. 

The Laboratory is investigating ways 
of improving traffic flow on crowded 
roads by detecting congestion and try- 
ing to reduce it. Methods include di- 
version from congested sections by 
variable direction signs, control of in- 
flow to roundabouts, adjustment of 
traffic signals to minimize queueing, 
and data transmission to police. The 
types of vehicle-presence detector 
which are being developed, work 
whether or not the vehicle is moving, 
in contrast with existing instruments. 
One consists of a loop of wire in the 
road surface, which can be used to 
detect metal within it, and the other 
depends on the Hall effect. A proto- 
type traffic-density meter was shown 
which averages the output from a 
vehicle-presence detector to give the 
average density of traffic (in vehicles / 
mile) over a short time. This is 
weighted to give greater prominence 
to the most recent traffic, and can be 
used to operate a control device when 
the average density is excessive. One 
kind of control device would be a 
computer calculating quickest routes 
between any pair of points in a road 
network. 


sisting, RI is 
The road to the buyer 


Elliott Brothers have adopted the new 
approach to export selling; that is, 
taking their equipment by road to the 
foreign would-be user, and demonstrat- 
ing it on the the spot. Because it is 
transistorized and, therefore, small 
and robust, the Elliott 803 digital com- 
puter can be transported in a 30-cwt 
van. This has enabled them to deliver 
the machine to, and_ successfully 
demonstrate it in, places as far afield 
as Moscow and Zurich, Brno and 
Paris. At a recent Press conference, 
Control was impressed to see the vari- 
ous units of the machine unloaded 
from the van, assembled, and a test- 
program run through, in under an 
hour. 

The normal procedure is for the 
export sales department to arrange a 
demonstration in the country con- 
cerned, and the van, manned by a 
driver and co-driver alone, sets off. 
An installation engineer joins the road 
team at the site, and the computer is 
set-up and prepared for action. A small 
sales team then arrives by air, the 803 
is demonstrated, and the van—usually 
empty—returns to this country. During 
the recent Press. demonstration we 
were entertained by stories from the 
sales team of their difficuties in trans- 
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porting a computer within the 
U.S.S.R., and of the seemingly deli- 
berate lack of co-operation. However, 
at the recent S.I.M.A. Exhibition in 
Moscow, for instance, the Russians 
showed tremendous interest in British 
equipment, particularly in its reliabi- 
lity and high quality, and A. G. 
Kennedy, who is export manager of 
Elliott's Computing Division said: 
‘Certainly as far as computers are 
concerned, these people know what 
they’re talking about’. This must be 
gratifying to Elliotts for they sold the 
803 which they demonstrated in 
Moscow. 

Of the forty 803s ordered in the 
last year, 24 have been for export; 
fourteen have already gone abroad 
to Czechoslovakia, Finland, France, 
Germany, Russia and the U.S.A. This 
month the van is off to Poland. 


—__ MACHINE TOOLS ——— 
Transatlantic tracer 


A Canadian firm, Retor Developments 
which was formed in 1953 to manu- 
facture and market the ‘ Mimik ’ trac- 
ing attachment for machine tools, is 
now attempting to break into the U.K. 
and European market with this device. 
Undeterred by the prejudice which 
has grown up in the industry against 
anything described as an ‘attachment’, 
Retor claims to have made good head- 





Here fitted to a Barber-Colman 1610 

lathe, the Mimik tracing attachment 

may also be fitted to shapers, planers 
and milling machines 


way in Canada and the U.S.A. Many 
profiles, it is claimed, can be cut more 
rapidly with this system than by the 
more expensive numerical-coordinate 
methods—even allowing for the time 
required to make the template. 

The sensing device on the tracer is 
a sealed hydraulic spool-type valve, 
which responds to a 6 oz pressure on 
the stylus round the full 360° of arc. 
The sensitivity of this valve enables 
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the tracer to work from templates cut 
from 0-003 in steel-shim sandwiched 
between plastic sheets. The use of this 
type of template—which is cut on a 
vertical mill with another attachment 
also supplied by Retor—saves a great 
deal of time compared with conven- 
tional methods requiring heavy gauge 
templates. This economy in template 
cutting time is said to make the Mimik 
system particularly suitable for short 
production runs. 


Coe Oust. 


Auto-controlled ice cream 
The Boston, U.S.A., ice cream plant 
of H. P. Hood & Sons is understood 
to be fully-automated, following the 
installation of equipment by Minne- 
apolis-Honeywell Regulator. In addi- 
tion to the computer-calculation of 
ice-cream mix formulae, an automatic 
mix system provides batch-blending of 
all ingredients by punched cards; 
graphic representation and centralized 
control of the entire mix process, in- 
cluding pasteurization, homogenization 
and cooling ; automatic pasteurization; 
and both automatic and manual oper- 
ation of the ‘ clean-in-place’ system. 
The integration of the system with 
new equipment is understood to have 
enabled Hoods to increase their pro- 
duction capacity by 70 per cent. 


Punched-card control 

An analogue computer determines 
how much of each ingredient is re- 
quired for a given formula, and con- 
verts this information into (digital) 
pounds on a punched card. The latter 
controls electronic equipment that 
directs the flow of raw products from 
storage to the blending tanks. The 
card is inserted into an instrumented 
console, an electrical contact provid- 
ing on-off control for the batching 
operation. Other contacts control the 
pumps and valves associated with un- 
loading ingredient-storage tanks, and 
load two blending tanks alternately. 


Flow measurement 

The movement of ingredients into 
the blending tanks is measured by ro- 
tary flowmeters which generate pulse 
trains directly proportional to the 
quantity of liquid passing through 
them. The pulse trains drive totalizers, 
recorders, etc., in the control room. 
When a flowmeter signals that the 
quantity punched on the formula card 
for a particular ingredient has been 
reached, the pump and valves for that 
product are de-energized, and this 
process continues until batching is 
complete. 

All dairy ingredients are batched 
simultaneously into a common line to 
one of two 1000-gallon blending 
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The ice-cream mix at Hood’s, Boston, 
U.S.A., plant is punched-card controlled 


tanks. Other ingredients, including 
liquid sugar and chocolate, are auto- 
matically metered into this line. The 
blending tanks are equipped with 
‘high’ and ‘low’ level probes, so that 
if a tank becomes full the high-level 
probe shuts off pumps from the pro- 
duct tanks and sounds an alarm. 

Nine 2000-gallon ingredient-storage 
tanks are also equipped with high-and 
low-level probes. In the event of low 
level during batching, an alarm 
sounds, and a light on the graphic 
console indicates the tank involved. 
The operator then either switches to 
another storage tank, or waits until 
the batching cycle is complete before 
inserting a special punched card in the 
batch-blending console to make up 
the missing ingredient. 


Honeywell Scotland doubles 


The British subsidiary of Minneapolis- 
Honeywell Regulator, Honeywell 
Controls Ltd., will nearly double the 
size of its Lanarkshire factory over 
the next three years. The factory, 
which is on the Newhouse Industrial 
Estate at Motherwell, now covers 
190,000 ft?, and is to increase in size 
to 350,000 ft?. The present labour 
force is 2000, and the extension is 
expected to provide employment for 
1000 more people. 


eo | 
Pye-Ekco merger 


Last month the English Electric-Gen- 
eral Electric Co. discussions on the 
possibility of a merger were reported 
in these columns, and now we learn 
that Pye and E. K. Cole plan to merge. 
It appears that the idea is to form a 


£25-30 m group under a holding com- 
pany. Pye’s chairman, C. O. Stanley, 
will be chairman, and Eric Cole, chair- 
man of E. K. Cole, deputy chairman. 
First thoughts suggest that the prob- 
lems of the domestic market—.e. tele- 
vision receivers etc.— have prompted 
this latest merger, but it is not unlikely 
that the costs of research for the pro- 
fessional or capital-goods market have 
something to do with it. Presumably 
the future lies with electronics and in- 
strumentation, rather than in the very 
competitive consumer radio field. It 
has also been suggested that the high 
costs of export sales in terms of sales 
staff, tend to make exporting an ex- 
pensive procedure. Obviously if a 
single sales force handles the products 
of both concerns, there will be a large 
saving. 


IN BRIEF 


British Standard B.S. 1991, Letter symbols, 
signs and abbreviations. Part 1: General is 
to be revised. However, as four further parts 
(Part 2: Chemical engineering, nuclear 
science and applied chemistry; Part 3: Fluid 
mechanics; Part 4: Structures, materials 
and soil mechanics; Part 5: Heat engines) 
are to be issued early in 1961, it has been 
decided to issue an amendment (PD 3920) 
to Part 1, which modifies the standard to 
avoid inconsistencies between the parts. 


Vactric (Control Equipment) Ltd have 
stated ‘No doubt you will have observed 

. . the difficulties which have overtaken 
Vactric Ltd. . . . Vactric (Control Equip- 
ment) Ltd. is a completely separate com- 
pany from Vactric Ltd. . . . This Company 
[Vactric (Control Equipment) Ltd] will pro- 
ceed as usual and continue to execute exist- 
ing contracts without any interruption what- 
soever.’ 


Productivity will be the main theme of the 
Ninth S.I1.M.A. Convention at Eastbourne, 
17-20 November. 


Plessey are negotiating for the old 66-acre 
R.A.F. Balloon Barrage Station, Southamp- 
ton, and, subject to planning permission, 
hope to start producing components there 
before the end of 1961. 


Associated Transistors Ltd (A.T. & E., Eng- 
lish Electric and Ericsson Telephones) ex- 
pect to produce 15,000,000 transistors a year 
by 1963 in a £850,000, 120,000-ft? plant 
which is being constructed at Basingstoke. 


New Electronic Products—galvanometer 
recorders, digital magnetic-tape recorders, 
the Melrose heart and lung machine, etc.— 
have been acquired by Honeywell Controls 
Ltd. N.E.P. will operate separately under 
its Managing Director, Z. F. Kellerman. 


Elliott Brothers’ Rochester works will be 
able to employ more than double the pre- 
sent 2000 people, when their 450,000 ft 
electronics factory (on which work started 
last month) is complete. 


Satellite communications: an oflicial team 
of British communications experts is now in 
the U.S.A. for technical discussions on 
communications via earth satellites. 


G.E.C. Semiconductor Division have 
acquired Broadstone Works, Reddish— 
600,000 ft? of production space for semi 
conductor manufacture. 
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on what- The AMPEX FR-100B is a high performance 

on instrumentation magnetic tape recorder suitable for a wide variety of 
oa industrial and scientific applications. In manufacturing it is used extensively 
i 66-acre . . ° . . 

>uthamp- in both machine tool and process programming. In research it will record 
nts. ther such diverse things as the thrust measurements of a jet engine, cosmic ray 
E., Ene counts from a satellite, or vibration data developed in testing a 


rs a year 


ft? plant new car body. This information can be recorded by direct techniques, on 


singstoke. 


anometer an FM carrier, by pulse duration modulation, or through NRZ 


recorders, 


ne, etc.— digital techniques. It is capable of recording up to 14 analogue or 16 digital 


Controls 
2 tracks, operates at any of 6 standard speeds from 1% to 60 inches per 


Banh second...can be modified for other speed combinations. And, depending on 
50,000 ff 


k° started the system used, it will record from a direct current signal up to 100 
cial team kilocycles, +3 db. The FR-100B will also reproduce tapes it has recorded, or 


is now in 


sions on those made on similar Ampex machines. |.R.1.G. compatible at no extra 


a have cost. For complete information on this remarkable recorder write to 


ir = Ampex Great Britain Limited, Arkwright Road, Reading, Berks., England. 
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P. 1 C k-off by ‘ UNCONTROLLED” 


the classical scholar a few weeks 

ago when he opened a D.S.LR. 
conference on industrial ergonomics. 
He advanced a number of witty argu- 
ments to show that the classical 
scholar still has plenty to say to the 
scientist, and went on to defend the 
respectability of ergonomics—at least 
as a word. ‘It is derived, of course, 
from the Greek ergon, work, which 
gives it a respectable character to 
begin with, and nomos, law, and ics 
is simply a rearrangement of the 
first initial letters of the Council of 
Industrial and Scientific Research! 
The Medical Research Council, which 
is equally responsible for ergonomics, 
is not allowed to advertise except on 
its door-plate, and so it does not 
occur in the name’, Both of those 
_ councils are in Hailsham’s parish as 
Minister for Science. Certainly there 
has been a good deal of official push- 
ing of ergonomics lately, and with 
some success, The D.S.I.R.’s three-day 
conference drew about 300 people 
from nearly 200 firms and other 
organizations. And the D.S.LR. recog- 
nizes what not every control engineer 
will accept — that ergonomics comes 
within his range of concern, The case 
for this view is put fairly satisfactor- 
ily in the Department’s recently-pub- 
lished pamphlet Ergonomics of auto- 
mation, which you can get from 
H.M.S.O. for 3s 6d. 


OSSIBLY INFLUENCED by the 
Practice of the Hampshire 

countryside, I have for some 
time felt drawn to visit Roke Manor, 
the rural home of ‘the Plessey Re- 
search Unit. Recently an opportunity 
came my way, and, although the 
Manor was having a face-lift at the 
time, I was not disappointed. My 
first glimpses through the windows 
did, I admit, give me an impression 
of incongruity — I saw electronic 
boxes and studious boffins where dig- 
nified butlers with silver trays would 
have looked more fitting—but once 
I got inside I found the research-lab 
atmosphere seemed natura] enough. 


[" HAILSHAM RANG his bell for 
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The acquisition of the Manor 
marked something of a change in 
Plessey’s research policy. They felt 
that they needed an environment for 
uninterrupted long-term work on the 
more basic research programs, away 
from the possible influences of pro- 
duction and sales departments, Roke 
Manor’s research manager, Mr H. J. 
Finden, told me that the new policy 
has paid off, and he seems well satis- 
fied with the team that he has got 
together. Not all of Plessey’s re- 
searchers are in the original house; 
new labs have been built in the 
grounds to the maximum allowed by 
the planning people, and an extension 
is being put up elsewhere. However 
inconvenient, this is perhaps as it 
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should be, if the Manor grounds are 
to keep their attraction. 

I came away feeling that a praise- 
worthy effort is being made at Roke 
Manor to match work to the indivi- 
dual—in fact, lines of research have 
sometimes been started to suit the 
inclination and abilities of a particu- 
lar person. The general policy is to 
let research workers stick to their 
projects, possibly following through 
to the development stage elsewhere. 


Plessey’s did not pioneer the stately- 
home research technique, but they 
seem to be applying it well. I think 
this sort of thing may yet provide 
the answer to the problem of pursu- 
ing a technical career without devel- 
oping neuroses. 


LONG TIME AGO my masters 
A“ to explain to me the dif- 

ference between physics and 
chemistry, but they left me uncon- 
vinced. In later years I found that a 
fairly sound way of distinguishing 
between the two subjects was to say 
that physics experiments were experi- 
ments I liked and chemistry experi- 
ments were experiments I did not like. 
In the lecture room I found that the 
only chemistry that caught my interest 
was in fact the physical kind. Yet the 
very existence of physical chemistry 
makes it plain that any borderline 
between its two parts must be mostly 
in the mind. 

Consequently, when I approached 
certain well-known gates in Tedding- 
ton last month, I found myself faintly 
irritated by the juxtaposition of the 
two name-plates; one said National 
Physical Laboratory and the other 
National Chemical Laboratory. Surely, 
whispered an imp inside me, these 
departments had by now been merged 
in the best scientific circles! On pene- 
trating to the N.C.L. itself, however, 
to see what it had to show for its 
open days, I found that all was well 
—a substantial proportion of the 
work is very much concerned with 
physical measurements (or experi- 
ments I like). 

I gathered from my walk-round 
that, while there is perhaps not much 
to show just yet, in another year's 
time the story may be very different. 
Good luck to Dr Anderson, the 
Director: he seems to be a man with 
ideas. 


HIS HAS HAPPENED over and 
over again, of course, but I 
still found myself titillated by 
one of the latest examples of inven- 
tion nearly enough simultaneous in 
quite different places. This turned up 
at last September’s international con- 
ference on operational research, held 
in Aix-en-Provence. A British dele- 
gate (from the steel industry) read a 
paper about a combination of Boo- 
lean and matrix algebra to deal with 
a problem in a Bessemer shop, When 
the paper had been delivered the dis- 
cussion was opened by a professor 
from Japan. Yes, he said, they had 
independently developed a very simi- 
lar technique over there, for studying 
electrical networks, 
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i Pneumatic is an analogue magnetic tape 

hed cy linders recorder for airborne or mobile use. 

sd A completely integrated system, it 
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re | $pace and weighs only 95 pounds. 
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— | withstand 15g shocks and 10g 

tak Minor | vibration. Electronics are all 

we . | solid state, and the recorder 

ae Standard and | Operates on 28 volts DC. Converters 

oi | are available for use with other power 
| sources. Standard speeds are 1%, 

and 3%, 7¥2, 15, 30 and 60 inches per | 

i by second. The AR-200 can be used for 

ie _ direct, FM-carrier, PDM or digital 
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dele- for up to 14 analogue tracks 

Boo | or 16 digital tracks. |. R. |. G. 

Wn | compatible at no extra cost. For 

ewer MARTONAIR LIMITED | Specifications write to Ampex Great 

ont PARKSHOT - RICHMOND - SURREY Britain Limited, Arkwright Road, 


Telephone: RiChmond 2201 


Reading, Berks., England. 
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For low-cost 
automation 
Centec Machine 


Tools Ltd. chose 


standard MAXAM 


Flexibility and dependability at low cost was the theme 
of the Centec exhibit at the European Machine Tools 
Exhibition, 1959. 

A multi-station rotary transfer machine built entirely of 
standard components demonstrated that automation 
need not necessarily be expensive. A 7-station design 
was assembled for the occasion. The eighth position on 
the rotary table was provided for loading and unloading 
the workpieces. Drilling seven holes }-inch diameter at 
#;-inch centres in a brass rod, total machining time was 
74 seconds. 

Basically, the machine consisted of a standardised 
Centec rotary indexing table with component clamping 
and sequence control operated by standard MAXAM 
cylinders and valves. Par-A-matic drill units were 
supported on pillars at the drilling stations. 

The demonstration proved conclusively that low-cost 
automation is capable of wide application, and needs 
skilled labour for the initial setting operation only. 


REGISTERED TRADE MARK 
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Fluid Power Equipment 


Loading and unloading were carried out 
by unskilled personnel, but even these 
stages can be hopper-fed if required. 


More and more constructors of flow pro- 
duction machinery are designing their 
assemblies with MAXAM Fluid Power 
Equipment in mind ! 


If you are a Chief Draughtsman, Works Manager, 
Production Head or other person seriously interested in 
safely increasing productivity, please send for our liter- 
ature covering standard valves, cylinders, rams and 
other hydraulic/pneumatic equipment. 


Distributed by: 

Holman Bros. Limited, Camborne, England; 

Camborne 2275 and at 44 Brook Street, London W.1; 

Hyde = 9444, 

Also in Birmingham . Cardiff . Glasgow . Peterborough 
Sheffield. Australia . Canada . East Africa . eae 

India . South Africa . Spain . U.S.A. . West Africa. 

With Agents and Representatives throughout the world. gnovue 


Fluid Power Equipment 
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A monthly review of system components and instruments: for 
further information on any item, circle the appropriate number 


on the reply card facing page 194. 


SIGNAL GENERATOR 


very low frequencies 
A signal generator has a frequency range 
from 0-03 to 30 c/s, and gives four phase- 
related output signals (identical in fre- 
quency) simultaneously. The standard 
output is steplessly variable from 500 #V 
to 50 V (peak) using stepped and slide- 
wire attenuators. The reference and 
quadrature outputs, used for phase mea- 
surement, have a fixed level of 12 V, the 
reference being in phase with the stan- 
dard output. The fourth output is vari- 
able in phase with respect to the stan- 
dard output, and may be varied over a 
20-dB amplitude range to a maximum of 
20 V (peak). 

The basic generator is a motor-driven 
capacitor which modulates a_high-fre- 
quency signal, the modulated signal being 
rectified and amplified to provide the 
output. The motor speed is indicated on 
a 6-in. diameter scale on the front panel. 
The Airmec model 257 has a frequency 
calibration accuracy of + 1-5% f.s.d., and 
harmonic distortion is claimed to be less 
than 2% at all frequencies. 


Circle No 513 on reply card- 


INTEGRATING RECORDER 


fast, linear 
An integrating strip-chart recorder by 
Texas Instruments (U.S.A.) has five maxi- 
mum count-rates, up to a maximum of 
40,000 area-counts per min; linearity is 
+0-5% full scale. 
The integrator channel consists of a 
potentiometer-amplifier-servo system, and 





Adjustable gear-system 
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automatically activates an ‘area trace’ 
simultaneously with the main trace. 
Circle No 514 on reply card 


TEMPERATURE CONTROLLER 


transistorized 
Avaialable from Control Instruments, the 
model-300 on-off controller has a 6-in. 
horizontal scale with a calibrated accu- 
racy of + 1%. Sensitivity is given as 
0-15% of full scale. 

The single-pole changeover relay has 
standard contact ratings of 5-A, 250-V 
a.c., but 15-A, 250-V a.c. contacts may be 
fitted to order. Calibration is for 22 
external resistance, and a pre-set resistor 
provides for variations of = 52. Stan- 
dard scale-ranges are 0-350 to 0-1200°C 
for C/A ‘thermocouples, 0-600 and 
0-800°C for I/C thermocouples, and 
0-1200 and 0-1600°C for Platinum/ 
Rhodium thermocouples. Power supply 
required is 200-260 V, 50-60c/s. 

Circle No 515 on reply card 


MAGNETOSTRICTION DELAY-LINE 


variable, accurate 
Recently introduced by Ferranti from 
the U.S.A. is a magnetostriction delay- 
line which is available with delays vari- 
able throughout the range of 2 usec to 
10 msec. The line has a maximum digit- 
rate of 500 kc/s, and delay-time fluctua- 
tion is less than 1 mausec. Settings of 
delay are linear, and reproducible with 
an accuracy of 0-1%. 

Continuous variation of delay-time is 
obtained by a _ mechanical control, 
through a low-torque, recirculating ball- 
race drive, suitable for manual or servo 
operation. Micro-switches provide an 
electrical indication when the limits of 
variation are reached, and mechanical 
end-stops prevent over-driving. 

Circle No 516 on reply card 


DOUBLE POLE SWITCH 


illuminated push-button 
A unit by Square D consists of a double- 
circuit push-button switch, with a 6- to 
8-V pilot light fed from an incorporated 
transformer. 

The pilot-light lens, when depressed, 
operates a single-pole double-throw con- 
tact block. The illumination circuit is 
completely separate from the main 
switching-circuit, and may be arranged 
to illuminate the button only when the 
lens is depressed, or to remain ‘on’ 
once the lens has been depressed. Units 
are available for operation from 25- to 





60-c/s supplies, at voltages between 110 
and 600 V. Main contacts are rated up to 
6A ac. or 2:2A d.c., depending upon 
voltage. 

Circle No 517 on reply card 


MINIATURE RECORDER 


electrical input 
Shortly to be offered by Taylor Controls 
is an electronic version of their Trans- 
cope recorder. A complete range of mea- 
suring elements, actuating differential 
transformers, is available, the output of 
which is converted to a 1- to 5-mA d.c. 
transmission-signal by a field-mounted 
transistorized feedback-amplifier. 

The recorder uses a 2-phase, size-15, 
50-c/s, 117-V servo-motor; this is coupled 
by gears to a feedback potentiometer. 
The servo-units are sensitive to changes 
of 0-1% in the electrical input-signal. 
The strip-chart is 4-in. wide, and gives a 
30-day continuous record. The controller 
may be supplied with proportional-plus- 
reset responses, or with pre-act responses 
in addition; rotary switches on the front 
panel of the plug-in chassis provide step- 
adjustment of the three responses. 

Circle No 518 on reply card 


PRECISION POTENTIOMETER 


}-in. diameter 
A size 05 servo- or bush-mounted poten- 
tiometer, has a sleeve-bearing bushing 
mount or sleeve-bearing servo mount. 
Stops can be inserted at 340°, 320° and 





Small, accurate 


300° as standard, and the unit may be 
sealed to specification MIL-E5272A. 
Maximum resistance available is 20,000 2, 
with tappings in 3 positions as required. 
Best practical resistance tolerance is 
+ 1%, and best practical linearities are 
+0-5% (100 to 10002), +0-4% (1000 
to 10,000 2), = 0-3% (10,000 to 20,000 Q). 
Made by General Controls, the power 
rating is 20 W, derating down to zero at 

80°C. 
Circle No 519 on reply card 


SILICA ANALYSER 


continuous operation 
Designed for checking the silica content 
of boiler feed-water, an instrument by 
Electronic Instruments has an analysis 
cycle-time of 12 minutes. It is essentially 
a colorimeter, in which the colour of a 
solution to which reagents have been 
added is a measure of the concentration 
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of silica. A measured sample of water is 
taken automatically, a fixed volume of 
molybdate solution is added, and then 
the reducing agent. The stirred mixture 
turns blue, and is then delivered to an 
optical comparator and the blue shade 
photo-electrically compared with a Pers- 
pex blank or, if the water is discoloured, 
with the orignal water. 

The instrument is available in three 
ranges: 0 to 0-2 parts of silica per mil- 
lion of water, 0 to 2-5p.p.m., and 0 to 
30 p.p.m. The differential output of the 
photocells in the colorimeter is fed to 2 
transistor amplifier, whose output is 
1 mA into 1500 for full-scale deflexion. 
The whole sequence is automatically con- 
trolled by a mechanical program-timer. 


Circle No 520 on reply card 


FLOWMETER 


ring-balance system 


A range of ring-balance meters features 
high sensitivity at low flow-rates. Ring 
assemblies are interchangeable to give 
full-scale differential-pressure ranges 
from 0-5 to 560 in. w.g., over static pres- 
sure ranges from 5 to 6000 Ib/in?. (The 
higher sensitivities are necessarily only 


Sensitive at low flow 


available with lower 
ratings.) 

Available from Hagan Controls, the 
accuracy of the standard models is 
+0-5% for 20%-100% maximum flow, 
and ready readability is claimed down 
to about 10% maximum flow. Accurate 
measurement may be made of flows 
down to 100 gal/h water, and the differ- 
ential pressure range of any unit may be 
changed without disconnexion over a 
3:1 ratio, representing a change in flow- 
range of approximately 1-9:1. 

Circle No 521 on reply card 


BATCH COUNTER 


illuminated digital display 


Capable of count-rates up to 3000 per 
minute, a counter by Trumeter consists 
of a basic power-unit with one or more 
counting units (one for each decade). The 
digits, which are jin. high, may be 
illuminated from within if necessary, and 
a push-button resetting facility is pro- 
vided. 


static-pressure 
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Fast count-rate 


The basis of the device is a recently 
developed high-speed step-motor; it is 
claimed to have an exceptionally long 
life, and is ‘ plug-in’ constructed. 

Circle No 522 on reply card 


TIME INDICATORS 


electrochemical 


A series of compact elapsed-time indi- 
cators, for the recording of the total 
operating time of electrical equipment, 
is introduced by Industrial Instruments. 

Known as the Selachron range, they 
are suitable for either a.c. or d.c. opera- 
tion, and are available in sizes for use 
with voltages of from 6 to 300 V. The 
indicators use no moving parts and con- 
sist of cartridges which contain small, 
replaceable electrochemical cells, em- 
bodying an anode, cathode and electro- 
lyte. The anode is consumed as current 
passes through the cell, the length dimin- 
ishing in proportion to the accumulated 
hours of operation, this being shown by 
a calibrated scale alongside the anode. 
The length of each indicator is 2? in., the 
diameter being 1 in.; weight is less than 
2 02. Circle No 523 on reply card 


TRANSISTORIZED RELAY 


3-stage amplifier 
A 3-stage transistor amplifier produced 
by B. and R. Relays fits integrally with 
their M.01 relay, resulting in the M.01/T 
plug-in unit. 
An operating sensitivity of the order 
of 5“A may be achieved, and the power 
consumption is 0-5 W at a nominal 6 or 


Operates from 5-uA signal 


12 V d.c. The complete unit weighs 6 oz, 
and allows multiple ancillary circuit 
operation on receipt of a signal as low 
as 10 uW at the input. 


Circle No 524 on reply card 


FREQUENCY METER 


wide range, direct reading 


A direct-reading frequency-meter may 
also be used as a signal generator. It 
measures or generates frequencies from 
1000 c/s to 3000 Mc/s, and the stability 
(depending upon the crystal used) is be- 
tween 2 parts in 10°8 and 4 parts in 
10-10, 

Made by Telemechanics, the T.D.1 is 
transportable and the standard model has 
an accuracy of 2 parts in 10° after one 
hour. Internal impedance is 752, and 
the output voltage on fundamental fre- 
quencies is 100 mV. Spurious frequency 
level is — 80 dB. 

Circle No 525 on reply card 


DIAL INDICATORS 


square flanges 


Two indicators by Ketay have 3-in. dia- 
meter dials and operate from a.c. syn- 
chronous transmission. Standard calibra- 
tion is 0-360° in 2° intervals, but 
alternative scaling is available. Well- 
damped size-11, -15, or -18 synchro 
torque-receivers are used, giving a short 
settling time. Accuracy is normally + 1°, 
Synchro torque-transmitters comple- 
mentary to the receivers specified are 
available for 50-60 or 400 c/s; also spe- 
cial models for use where several indi- 
cators are to be operated from one 

source. 
Circle No 526 on reply card 


LINEAR ACTUATOR 


load-sensitive 


An electromechanical device by Teleflex 
Products has a 750-lb power-output, and 
a ram speed of 24 or 12 in/min depend- 
ing upon the motor used. Load cut-out 
switches are arranged so that the actua- 
tor will build up and hold a pre-set load 
on the object to which it is attached. 
Control-position indication is fitted as 
required, using a variable-reactance trans- 
mitter coupled to a moving coil receiver 
at the control panel. Slidewires may be 
fitted in place of the variable reactance. 
Standard stroke is 9 in., and the actua- 
tor may be mounted in any position. An 
electrically-released twin disk-brake is 
fitted to check over-run and provide 
positive locking in any position of stroke. 
Circle No 527 on reply card 


TEMPERATURE CONTROLLER 


13-in. scale 


An indicator/controller by Fielden is 
housed in a 6-in. diameter panel-mount- 
ing case. It has a 13-in. scale which is 
calibrated in °F or °C in any of 73 stan- 
dard ranges between — 200°C and 
+ 850°C. The control point is set by a 
pointer operated from the knob at the 
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Beaver pre-loaded ball screws, up to 95/ efficient, 
operate at-92 C to over 400 C with no backlash... 


ore | 
WIPER SEAL 
BALL NUT 


Fe es 
PRELOAD ADJUSTING SHIM 


rm 


..» ANOTHER ENGINEERING ADVANCE 
FROM BRISTOL SIDDELEY 


Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90% and they can operate within a tempera- 
ture range of —52° C to 400° C without lubrication, and up 
to 170° C when lubricated. 


Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power re- 
quired for actuation by as much as 80%, when converting 
rotary drive into linear output or force input into torque 
output. By eliminating backlash, with pre-loading, they 
give precise control over very small increments of motion 
and a high response frequency. And when compared to 
conventional screw mechanisms, they provide a predictable 
operating life which is much longer, require much less main- 
tenance and give more trouble-free operation. 


Basic design apptication analysis 


Bristol Siddeley engineers make an exhaustive analysis of 
each specification. And each unit is specially designed for 
its particular application. Beaver ball screws are made 


i om 


automatically reversible or with controlled “‘no-back,” with 
multiple or single circuits. Beaver pre-loaded ball screws 
have been proved as the most efficient method of convert- 
ing rotary into linear thrust in over 2,700 engineering 
applications in many branches of industry. They have been 
designed already with rated operating load capacities of 
370,000 Ib (825,000 Ib maximum static load) but the maxi- 
mum potential operating load is, in most cases, limited only 
by the requirement. 


Bristol Siddeley Beaver ball splines have been de- 
veloped to eliminate the disadvantages of conventional 
splines. The designs are very effective in minimising fric- 
tion, particularly when high torsional and bending loads 
are imposed during linear movement. 


* Complete technical and manufacturing co-operation with Beaver 
Precision Products Inc., Detroit. 

For further information please write to J. B. Starky, Sales 
Manager, Ball Screws and Splines, Bristol Siddeley Engines 
Limited, PO Box 17, Coventry, England. 


BRISTOL SIDDELEY ENGINES LIMITED 
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Clear indication 


dial centre, the indicating pointer being 
motor-driven by a servo-system. 

The unit uses a platinum resistance- 
bulb housed in a }-in. diameter stainless- 
steel sheath, which may be located up to 
300 ft away from the indicator, The con- 
trol relay has contacts rated at 10 A, and 
provides changeover and ‘ normally- 
open’ switching. The unit is transistor- 
ized and can be operated from 12V 
d.c., or normal mains supply. 

Circle No 528 on reply card 


PULSE GENERATOR 

high repetition-rate 
A pulse generator by du Mont (U.S.A.) 
provides a steplessly-variable output at 
rates up to 100,000 pulses/sec. Rise and 
fall times are 0-02 and 0-025 usec (maxi- 
mum) respectively, and pulse-width 
range is 0-05 to 100 usec. Facilities are 
provided for pulse-delay before or after 
trigger, and there is a trigger output for 
synchronizing external equipment. 


The model 404 is available in the U.K.” 





Fast rise-time 


from Aveley Electric, and will work 
from any normal mains supply; con- 
sumption is 600 W. 

Circle No 529 on reply card 


QUICK LOOKS 


Pressure indicator. A unit by the Wheelco 
Division of Barber-Colman (U.S.A.) uses 
a linear scale with a full-scale span be- 
tween 4-9 and 5-SmV. It has its own 
power supply, using a Zener diode volt- 
age-control circuit. 

Circle No 530 on reply card 


Electromagnetic counter, An addition to 
Lancashire Dynamo Electronic Product’s 
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F43 range of counters has first wheel 
digits 0 to 11. Two versions are avail- 
able having maximum count speeds of 
1500 and 2400 counts/min respectively. 

Circle No 531 on reply card 


Pump-ram unit. A foot-operated unit by 
Linford Engineering is designed for ele- 
vating tables for machine-tools etc. Two 
ram-capacities are available, 1100 Ib, and 
1600 Ib. Range of stroke-length is 6-47 
in. to customer’s requirements. 

Circle No 532 on reply card 


Silicon rectifiers. An improved (smaller) 
design of their type SJ wire-ended junc- 
tion rectifiers is available from A.E.I. 
(Rugby), to replace their form ‘ B”’ recti- 
fier. The form ‘ F’ has a flange of 43 in., 
¢in. less than the form ‘B’, but the 
ratings and prices remain the same. 
Circle No 533 on reply card 
Shaded-pole motors. A range of skeleton- 


frame motors by Limit Engineering is 
available for 50- and 60-c/s supplies up 





to 250V. Torque outputs range from 
1:-25o0zin. to 7:2 0zin., continuous or 
intermittent ratings. 

Circle No 534 on reply card 
Level indicator. Designed for solids or 
viscous liquids, a circular-diaphragm bin- 
level indicator may be provided with 
single or double changeover switches 
rated at 5A, 230V a.c., 3A, 440V acc., 
or 250V d.c. (resistive loads). Made by 
Magco in three standard diameters, 6 in., 
8iin., and 104in.; a square model is 
also available. 

Circle No 535 on reply card 


Axial-flow fans. A range of fans by 
Service Electrical is available with impel- 
ler diameters from 2} to 11} in. Overall 
lengths for single-stage units are 2} to 
5} in. They may be supplied for use on 
all normal mains supplies, 50-400 c/s, 
6V d.c. for small fans, or with static 
inverters to run larger fans from d.c, 
Circle No 536 on reply card 


Portable oscilloscope. A unit by Microcell 
has an internal battery capable of 8 
hours continuous use, with a charging 
circuit which works from 200-250 V a.c. 
Bandwidth and sensitivity of the main 
y-axis amplifier are d.c. to 10 Mc/s and 
100mV/cm to 100V/cm_ respectively. 
The y-axis pre-amplifier (bandwith 10 
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c/s-2 Mc/s) has a sensitivity of 10 to 30 
mV/cm. Sweep range and width on the 
x-axis are 10 usec—3 sec and 5 cm respec- 


tively. Circle No 537 on reply card 


Miniature capacitors. Designed particu- 
larly for high-frequency application, 
Plessey’s L.S.R. capacitors are suitable 
for transistor circuitry where low impe- 
dance at 10kc/s or higher is essential. 
Seven ratings are at present available, 
with operational characteristics from 
200 uF at 3 V working, to 12 uF at 12V 
working, capacitance being measured at 
50 c/s. These capacitors are claimed to 
be ideal in transistor computers, where 
discharge-current pulses of 1 wsec dura- 
tion are encountered. 

Circle No 538 on reply card 


Graph plotter. An addition to their exist- 
ing range, Benson-Lehner’s model QL 
enables its operator to take a ‘ quick 
look’ at data recorded on punched cards 
or tape. Scales and offsets may be preset 





digitally by push-buttons, and _ the 
machine will then plot up to 12 variables 
simultaneously at rates up to 2400 points/ 


min. Circle No 539 on reply card 


Four-layer switching device. A semi- 
conductor tetrode (binistor) developed for 
switching and storage-circuit applications 
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is announced by Transitron Electronic 
Corporation (U.S.A.), marketed in this 
country by Transitron Electronic. The 
device resembles the four-layer p-n-p-n 
switch, but differs in that it take the 
output from the intermediate n layer 
leaving the upper junction to serve as a 
latch to hold the device on when in the 
conducting state. 

Circle No 540 on reply card 


Power supply. A twin unit by Servomex 
provides stabilized outputs of + 300 and 
—300 V d.c., at up to 50 mA, with a com- 
mon zero point which may be used 
either earthed or floating. Also provided 
are two 6-3-V, 2-A, heater supplies, Stab- 
ilization factor is about 200 on positive 
side and about 400 on the negative side, 


and mains input may be from 105-250 V, 
with sporadic changes up to += 7% with- 
out loss of control. 

Circle No 541 on reply card 


Solenoid valve. For use in flow systems 
as an on/off control where the maximum 
flow rate is 525 ml/min at 60cm head 
of water, the Grundy valve, made by 
Griffin & George, is a cylindrical glass 
plunger, actuated by a concentric sole- 
noid from a mains control-unit. The 
glass valve is 110 mm long overall and is 
cylindrical, being 70mm long by 16 mm 
in diameter. It has rifled extensions to 
accommodate 5 mm diameter tubing. The 
control unit is a step-down mains trans- 
former tapped at 12 V, with three cir- 
cuits for controlling simultaneously up 
to three solenoids. 

Circle No 542 on reply card 


Miniature power units. Made by Metrix 
is a range of stabilized transistor power- 
supplies. Overall dimensions are 4} X< 
4 X 34 in., and the units may be supplied 
with fixed or continuously variable out- 
put voltages between 0 and 24 V, at cur- 
rent ratings of 100, 300, or 500 mA. 
Stability is better than 0-1%, and ripple 
about 0-5mV p-p. 

Circle No 543 on reply card 


Resistor test-set. The nominal value of 
the resistor under test is set up by means 
of three switches, the value being dis- 
played in digital form. The instrument 
measures the resistor on receipt of a 
command signal, and the percentage 
deviation from the pre-set nominal is 
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digitally indicated with its polarity. The 
reading time is 0-2 sec. The Solartron 
EM 1006 will handle resistors from 
102 to 15-9 MQ, and the maximum in- 
dicated deviation is +9-9%; accuracy 
and stability are guaranteed to be better 
than 071%. 

Circle No 544 on reply card 


Thickness Gauge. An 8-mm magnetic 
thickness-gauge measures the thickness 
of steel tubes or plates. It permits rapid 
identification of sound tubes or plates 
from those corroded beyond the limit 
of a specified safety margin. The equip- 
ment, comprising a control unit and mag- 
netizing probe, is transportable and 
operates from battery or mains supply. 
Made by Solus-Schall. 

Circle No 545 on reply card 


Shaded-pole motor, A tropicalized motor 
is made by B.V.C. to Ministry of Avia- 
tion specification DTD 1085/B. It is con- 
tinuously rated (with air-stream cooling) 
at 12 W, with 2W output, and operates 
from 115/230 V a.c. to a maximum speed 
of 2700 rev/min. A 50-W version giving 
12 W output is also available. 

Circle No 546 on reply card 


Bi-stable relay. A plug-in latching-relay 
with electrical release may be operated 
from a.c. or d.c. supplies. Continuous 
ratings for main and de-latching coils 


are are respectively 440 V a.c. or 250V 
d.c. and 250 V ac. or 125V d.c. Up to 
five pairs of make or break contacts may 
be fitted in any combination. This Clif- 
ford and Snell tropicalized relay is mar- 
keted by D. Robinson. 

Circle No 547 on reply card 


R.F. Oscillator. The DO 905 signal gen- 
erator has a sine-wave output of constant 
amplitude over the range of 350 kc/s to 
50 Mc/s. Variation in amplitude is 
claimed to be less than +2% below 
30 Mc/s, and less than +5%, above this. 
The frequency is steplessly variable in 
six ranges, and may be set to within 


+2%. A 50-kc/s spot frequency is pro- 
vided for use as a OdB reference when 
measuring amplifier frequency response. 
Made by Solartron. 

Circle No 548 on reply card 


CO, tester. A portable unit by James 
Gordon weighs about 61b, and gives 
direct readings of CO, percentage on a 
4-in circular dial. It is designed especially 
for use by untrained operators. 

Circle No 549 on reply card 


Transistors. Two germanium _alloy- 
junction transistors are announced by 
R.C.A. (G.B.), designated 2N1169 and 
2N1170. They are desighed for medium- 
speed bi-directional switching, and their 
collector-to-base voltage ratings are 25 
and 40 V respectively. 

Circle No 550 on reply card 


Variable transformer. A toroidally-wound 
unit by Philips is rated at 120W, and 
has an output steplessly variable from 
0 to 250V at 500mA nominal current. 
Available from Research and Control 
Instruments, the B8.709.59 is designed 
for use from 220- or 240-V, 50-c/s a.c, 
supplies. Circle No 551 on reply card 


Fork lifter. A mains-driven hydraulic 
lifter by Lodematic features an auto- 
matic start and stop mechanism. The 
platform rises to a predetermined height 
when loaded with a given weight, and 
falls at a controlled speed when the load 
is removed. 

Circle No 552 on reply card 


INDUSTRIAL 
PUBLICATIONS 


Radar tape-recorder. A leaflet from Decca 
Radar shows a recording system devel- 
oped in conjunction with Ampex Elec- 
tronics. Circle No 553 on reply card 


‘ Frame grid valves” is the title of a des- 
criptive catalogue from Mullard. 
Circle No 554 on reply card 


Switchgear by M.E.M. is comprehen- 
sively detailed in their 152-page list 
No 450. Circle No 555 on reply card 


‘ Programmed Industrial Control’ is the 
title of a leaflet from Automation Engin- 
eering Systems describing their P.LC. 
system. Circle No 556 on reply card 


Equipment for railways by S.T.C. is 
shown in their 116-page publication 
Z/42. Circle No 557 on reply card 


Industrial electronic equipment is listed 
in a_ leaflet (4051-81) from AEL 
(Rugby). Circle No 558 on reply card 


Pressure switches are the subject of 
catalogue 119/J from Londex. 
Circle No 559 on reply card 


Annunciators. A catalogue (100 C) from 


Panellit describes the Panalarm annunci- 
ator system Circle No 560 on reply card 
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No words, no specification, 
can capture the real quality 
of a computer 


A computer isthe sum ofthe thinking, the engineering, the experience 


that go into its making, plus the accumulated skills that go into its 


applications and servicing. 


On all these scores, I-C-T has no equal in Britain. 
I-C-T, with over 50 years’ experience of data 
processing, has made more than half the computers 
in commercial use here today. I-C-T in Britain is 
deployed over 23 factories, 31 area offices, 3 research 
establishments, and 5 educational and training 
centres for customers’ staff. World-wide, I-C-T 
employs 19,0C0 people and operates in 51 countries. 
I-C-T’s service is at your service from the moment 
of your first enquiry. 

The computer illustrated is the 1301. It is a 
product of I-C-T and G.E.C. and their jointly owned 
Computer Developments Limited. A comprehen- 
sive booklet on the 1301 can be had on request. 


International Computers 
and Tabulators Limited 


149 PARK LANE, LONDON Wl. TELEPHONE: HYDE PARK 8080 
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two outstanding 
electronic 


instruments by 
KENT 


from which to.. . 


take your 


Both these modern high-speed indicator- 
recorders offer every user-advantage: 
plug-in modular construction, maximum 
accessibility, minimum maintenance etc. 
Both are available also as automatic 
controllers. Common electronic systems 
are employed, and the KENT series of 
amplifiers provides for a wide range of 
input conditions in temperature (thermo- 
couple etc.), millivoltage, oxygen- 
percentage and electrolytic-conductivity 
measurement. The Mark 3—strip-chart 
recording—is available in up to 16-point 
form, depending on application. 

Both instrument types, in potentiometric 
version, incorporate the latest Zener- 
diode reference unit, which dispenses with 
standard cell etc. 


“Type 3” Reference Unit 
An extremely accurate constant- 
voltage source providing the 
necessary highly stable d.c. 
supply for the instrument mea- 
suring circuit. 


uF 


“Type 1” Quadrature Suppressor 
Based on the KENT-patented thermistor potent'o- 
meter, this unit eliminates any quadrature com- 


 +EERERE 


Write or telephone (Luton 2440) 
for descriptive literature today. 


masters of instrumentation 
GEORGE KENT LIMITED 


LUTON - BEDFORDSHIRE - ENGLAND 


Telephone: Luton 2440. 
Cables and Telegrams: Kents Luton Telex 


SE 


Pk alan t-test eee - be) 771 ee hc el 


Ponent in the amplifier input (conductivity and 


eunouiande thar Gaaaaneeen, Registered Office : 199-201 High Holborn, London W.C.1 


Factories, Subsidary Companies, Branch Offices, and Representatives 
throughout the world 
TA448 
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Electro-pneumatic equipment by R.G.S. 
is listed in a recent catalogue. 
Circle No 561 on reply card 


Dispersions of various types are des- 
cribed in a booklet from Acheson 
Colloids. Circle No 562 on reply card 


‘Careers in the scientific instrument 
industry’ is the title of a booklet issued 
byS.I.M.A. Circle No 563 on reply card 


Air-operated receivers for measurement 
and control are shown in catalogue B/21 
from Negretti and Zambra. 

Circle No 564 on reply card 


LOOKING 


AHEAD 





Unless otherwise indicated, all events take 
place in London. B.CS. British Computer 
Society. Brit..R.E. British Institution of 
Radio Engineers. 1.E.E. Institution of Elec- 
trical Engineers. 1.Mech.E. Institution of 
Mechanical Engineers. R.Ae.S. Royal Aero- 
nautical Society. S.1.T. Society of Instrument 
Technology. 


TUESDAY 8 NOVEMBER 

Electronics in poms guaral by_C. G. 
Seeds and W. Barbe " 7.00 . Borough 
Polytechnic, Details: L. H. Bird, Borough 
Polytechnic, London, Sei. 


WEDNESDAY 9 NOVEMBER 
A shaft position digitizer using synchros by 
T. Roberts. 7 p.m. S.LT. 


The digital computer by 1. Cochrane. Insti- 
tution of Engineers and Shipbuilders, 39 
Elmbank Cres., Glasgow. 6 p.m. IL.E.E. 
Modern computer techni ae b Cc. 
Johnson. 7.15 p.m. Brit.I. Conese of 
Technology, Wulfruna Street, 
ton. 


Discrete analogue-computer 


of sampled-data control systems by T. 
a Read by J. H. Westcott. 5 p.m. 


ciel 


TUESDAY 15 NOVEMBER 
oa as — of machine tools by 
7.00 p.m. Borough Polytechnic. 


(See oe 8 November). 


WEDNESDAY 16 NOVEMBER 

Digital computing elements for instructional 
use by Lt.-Col. I. W. Peck. 6.30 p.m. 
Brit.I.R.E., London. 


THURSDAY 17 NOVEMBER 
The control of a single  oved concentrating 
analogue computer characteristics and 
‘. —_ uter study by F. P. Lees, 
and J. A. Anderson. 
r pm. sie 


THURSDAY 17—SUNDAY 20 NOVEMBER 
Ninth S .A. convention, Grand Hotel, 
Eastbourne. Details: $.1.M.A., 20 Queen 
Anne St., London, W.1. 


FRIDAY 18 NOVEMBER 
pecedips, ‘meres and their applications 


H. Batchelor. The Lar Lecture 
a The London School of gene 8 one 
ropical Medicine, Keppel St., W. Ci. 


fee of Electronics. 


Transistors in coe aes by E. Wolfen- 
dale. 7 p.m. Brit.I.R.E ool of Manage- 
ment — Unity St. Brisa 

‘or automatic landing developed 
a the Bind Landing Experimental Unit by 
J. S. Shayler. Brit.1.R.E, poeeoconae Tech- 
nical College, Farnborough, H 


MONDAY 21—WEDNESDAY 23 NOVEMBER 
tional seminar on Analo, compu- 


tation applied to the stud, 
. coe se y ws pro- 
43 rue de la Science, Baxellss % Belgium. 
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compensation” 


‘The transformer ratio-arm bridge’ is 
the title of a monograph by Raymond 
Calvert of Wayne Kerr. 

Circle No 565 on reply card 


Technical bulletin. The first of a series 
to be published by Engelhard Industries 
contains technical articles and patent 
abstracts. 

Circle No 566 on reply card 


*‘ A.MLF.’ A booklet describing the activi- 
ties in Britain of the American Machine 
and Foundry Company International 
Group. Circle No 567 on reply card 


TUESDAY 22 NOVEMBER 

Automatic —, of boiler house plows by 
P. J. Wheeler. .*, Borough Poly- 
technic. (See nae November). 


TUESDAY 22—THURSDAY 24 NOVEMBER 
— on electronic telephone exchanges. 


MONDAY 28 NOVEMBER 

An_ introduction to electronic computers 
by R. C. M. Barnes. Electric House, Ipswich. 
6.30 p.m. LE.E. 


TUESDAY 29 NOVEMBER 

Automatic control in the steel industry by 
M. H. Butterfield. 7.00 p.m. Borough Poly- 
technic. (See Tuesday 8 November). 
Symposium on nuclear temperature scan- 
ning. Temperature scanning e es - 
or nuclear reactor by C. Hall. 


Temperature scanning e name ot i use & 
a nuclear ag station © a 
Davey an . Flint, nt ne re 


FRIDAY 2 DECEMBER 
Progress in enn circuit techniques 


for digital com we oo oberts, 
Cam re and hompson. 6.30 p.m. 
Brit. ae School of Hygiene and 


Tropical ‘Medicine, Keppel St., London, 


TUESDAY 13 DECEMBER 
Analytical instrumentation of process a 
streams by J. C. Hawkes. 7.30 om Blos- 


soms Hotel, Chester. Details: A, V. Bailey, 
2 ~ Finne Drive, Wilmslow, Cheshire. 
(1.Chem.E.). 


WEDNESDAY 14 DECEMBER 

Speed control of aircraft gas turbines {or 
jet propulsion , & R. J. Walsh and R 
Haigh. 7 p.m. 


WEDNESDAY 4 JANUARY 1961 

Automatic techniques in civil air line com- 
munications — by W. E. Brunt. 6.30 
p.m, Brit.I.R.E., London School of Hygiene 
—. — Medicine, Keppel St., London, 


MONDAY 9—WEDNESDAY 11 JANUARY yl 


7th National Symposium on Reliabili 
ality Control. " Pellevue-Staford a 
delphia, Pa., U.S.A 


MONDAY 16—FRIDAY 20 JANUARY 1961 

Physical Sankey Exhibition, R.H.S. Halls, 

oe. ondon, S.W.1. (Probable 
tes 


WEDNESDAY 18 JANUARY 1961 

A general method of digital network analysis 
particularly suitable for use with low-speed 
computers by M, N. John. 5.30 p.m. LE.E. 
pone computers in power ee cot 
he P. Gupta and Ww 
umphrey Davies. 5.30 p.m. Tre.” 


MONDAY 23 JANUARY 1961 


Cybernetics aes. J. West. Royal 
a Iquitt St feeek 6.30 
p.m. 


TUESDAY a JANUARY 1961 
Disques on Machine-tool control. Opened 
by E. H. Frost-Smith. 5.30 p.m. LE.E, 


ae 31 JANUARY 1961 sia ti . 
nstrumentation t, present ture 
L. S. Yoxall. 7 am S.LT. : 









Process control. The Bailetronic system 
is described in publication No 295 from 
Bailey Meters and Controls. 

Circle No 568 on reply card 


Pressure-reducing valves for steam and 
air are shown in a catalogue from Mid- 
land Industries. 

Circle No 569 on reply card 


Transistors are a feature of a booklet 
from Associated Transistors entitled *‘ A 
new era’, which describes the formation 
of the company. 

Circle No 570 on reply card 


LOOKING FURTHER AHEAD 
WEDNESDAY 15—FRIDAY 17 FEBRUARY 1961 
1961 International Solid-state Circuits Con- 
ference. Universit 7s eaerane and the 
Sheraton Hotel, Philadelphia, Pa., U.S.A. 


MONDAY 16 FEBRUARY 1961 
Transistors and all that by L. J. Davies. 
Central Hall, Westminster. 1.E.E. 


TUESDAY 17— SATURDAY 21 FEBRUARY 1961 
24th International Components Show, Parc 
des Expositions, Paris. 


MONDAY 20— THURSDAY 23 MARCH 1961 
I.R.E. National Convention, New York. 


TUESDAY 21—SATURDAY 25 MARCH 1961 

10th Electrical Engineers Exhibition, Earls 
Court. Details: Mr Joyce, Electrical Engin- 
eers Exhibition, 6 Museum House, 25 
Museum St., London, W.C.1. 


MONDAY 27—FRIDAY 31 MARCH 1961 

3rd_ National Symposium on Temperature, 
Its Measurement and Control in Science and 
Industry. Columbus, Ohio. 


THURSDAY 20 APRIL—THURSDAY 4 MAY 1961 
Engineering, Marine, Welding and Nuclear 
Energy Exhibition, Olympia. 


WEDNESDAY 3—SATURDAY 13 MAY 1961 
British Columbia International Trade Fair, 
Exhibition Park, Vancouver. 


TUESDAY 9—WEDNESDAY 17 May 1961. 
International Exhibition of Measurement, 
Control, Regulation and Automation (Mesu- 
cora) and 58th Exhibition of French Physical 
Society, C.N.L.T., Paris. Secrétariat Gén- 
éral, 40, rue de Colisée, Paris, 8. 


TUESDAY 30 MAY—2 JUNE 1961 


Radio and Electronic Component Show, 
Olympia. Details: a a Exhibitions 
Ltd., 9 Argylle St., London, W. 


MONDAY 12—SATURDAY 17 JUNE 1961 
Conference on Components and materials 
used in electronic engineering. Central Hall, 
Westminster, I.E.E. 


MONDAY 26 JUNE—SATURDAY 1 JULY 1961 
International Measurements Conference, 
Cones ce og ue: Pret J. ¥. 
, Cambridge University, Trumpington 
, Cam , or Imeko Secretariat, Buda- 
oa 5, P.O.B. 3. 
MONDAY 4—SATURDAY 9 SEPTEMBER 1961 
3rd International Sessions of the Interna- 
tional Association for Ana on ta- 
tion. Belgrade, Yugoslavia. Vit 
slav Sane for Etan Terese "23/ 
Belgrade, Yugoslavia. 


MONDAY 4—SUNDAY 10 SEPTEMBER 1961 


S.B.A.C. displa -~ exhibition, 
Farnborough. SBA C., 29 King 
St., St. James, London, Swi 


WEDNESDAY 6—FRIDAY 8 SEPTEMBER 1961 

International Symposium on the Transmis- 
sion and oe of fehareliaies, Massa- 
chusetts Institute Techno! . Submission 
of papers is invited. Details: M. Fano, 
R.L.E., M.LT., Cambridge 39, Mass., U.S.A. 


MONDAY 11 SEPTEMBER 1961 

20th International Congress of Navigation. 
Baltimore. Details: Permament International 

Association of Navigation Congresses, 60 

tue Juste Lipse, Brussels. 
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Automation 


Progress in Automation. Edited by Andrew D. Booth. Butter- 
worths Scientific Publications. 1960. 231 pp. £2 2s. 

Any scheme which makes knowledge available on specialized 
subjects without the need to study information from many 
technical journals deserves sympathetic consideration. This 
volume is the first of a series dealing with automation in its 
many aspects and each subject is to be covered by an expert 
in that field. 

The editor of the series has provided a short historical intro- 
duction with definitions of a few of the terms. The remainder 
of the book is roughly equally divided between ‘ Methods ’ and 
‘ Applications ’. In the first part there are chapters on analogue- 
to-digital conversion, electronics in process control, position 
control in machine tools, and the Inductosyn; and two chapters 
on nucleonic gauges. In these chapters the emphasis is on 
technique of measurement, except in the case of process con- 
trol. Here the discussion is mainly of possibilities, and one 
has the impression that the editor of that chapter has found 
it difficult to find examples that were ‘automation’ and not 
just ‘automatic’. He does, however, include a bibliography 
that will help the interested reader to pursue the subject 
further. 

In the section on applications, there are substantial chapters 
on the Ferranti and E.M.I. machine-tool controls, the latter 
including a good list of articles on a number of types of 
machine-tool control, Shorter chapters on the manufacture of 
steel strip and automatic inspection give some impression of 
catholicism. 

This book represents an interesting approach to the very 
real problem of spreading technical knowledge, and is on the 
whole sucessful. Not all chapters have a comprehensive bio- 
graphy, and some would have been easier to read had there 
been more diagrams. The preoccupation of this volume with 
machine-tool control, which accounts for two-thirds of the 
227 pages, is to be expected. In this field ‘automation’ as 
defined by the editor, ‘ duplicating the activities of living crea- 
tures, including humans, by non-living, but energy-consuming 
means’, finds its most spectacular achievements. 

Finally, the volume is well finished and has clear print and 
diagrams on a smooth baryta paper, and is sold for a modest 
sum by today’s standards. Some readers would like the same 
clarity and cleanliness without the shine of this type of paper. 

A. ASBURY 


Instruments 


Industrial Instrument Servicing Handbook by G. C. Carroll. 
McGraw Hill Publishing Co. 1960. 810 pp. £6 4s 


Many valuable books have been published in recent years on 
industrial instruments. One of particular note is ‘ Messen und 
Regeln in der Chemischen Technik’ by Hengstenberg, Sturm 
and Winkler, which surveys the whole field of industrial 
instruments from the measurement of pressure, level, velocity, 
pH, gas analysers, temperature, etc., describing throughout the 
pages of the volumes many of the instruments available com- 
mercially. The new book by Grady C. Carroll is similar in 
that the author surveys industrial instruments, giving detailed 
descriptions of most of the well-proved instruments available 
commercially; however, the work is aimed not at the designer 
but at the specialist servicing engineer. 

The book is designed to provide the reader with the design 
principles, plus the service and maintenance procedures needed 
regularly in the shop or in the field. It treats in specific detail 
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a wide variety of instruments and control mechanisms manu- 
factured by over forty companies. Over fifty types of instru- 
ment are covered, and for each type there is explanation of 
the principles of operation and the best methods of servicing, 
maintaining, trouble-shooting and complete calibration. The 
scope of the handbook can be best seen by considering the 
titles of the main chapters: Pressure-measuring Instruments, 
Differential Pressure-neasuring Instruments, Liquid-level- 
measuring Instruments, Temperature-measuring Instruments, 
Viscosity and Specific-Gravity Instruments, pH Instruments, 
Gas Analysers, Control Valves and Valve Positioners, and 
Speed Measurement and Control. The great majority of the 
currently available instruments are described, and many of 
the new instruments also find a place; for example, gamma-ray 
methods of level determination and specific-gravity determina- 
tion are included. The book ends with a chapter providing 
valuable information on organizing an instrument-maintenance 
department and selecting its personnel, the author obviously 
drawing on his own personal experience as Chief Instrument 
Engineer, Energy Division at the Olin Mathieson Chemical 
Corporation in Niagara Falls, N.Y. 

The book should prove a valuable addition to the library of 
everyone concerned with servicing, maintaining or calibrating 
industrial instruments. It provides many useful organization 
charts, scheduling systems for preventive maintenance, and 
trouble-shooting charts to assist in locating faulty components. 
It is well illustrated with photographs, line drawings, circuit 
diagrams, etc., and is easy to read in spite of the fact that the 
information presented has been obtained from many sources. 
To the reviewer it will be a useful work of reference. 

DENIS TAYLOR 


Masers 


Masers by J. R. Singer. John Wiley: New York. Chapman & 
Hall: London, 1959. 147 pp. £2 12s. 

During the past five years the maser has attracted much inter- 
est, both from the physicist as a research tool, and from the 
microwave engineer as an extremely-low-noise amplifier with 
applications to long-range radar and radio astronomy. If opera- 
ted as an oscillator, the maser may be used as a frequency stan- 
dard or as a source of radiation. 

After a short introduction, Professor Singer gives an account 
of the theory of stimulated emission and absorption and shows 
how amplification may be achieved. There follows a description 
of the ammonia maser and atomic beam devices, A chapter on 
paramagnetic resonance leads to a discussion of the various 
types of solid-state maser, including travelling-wave devices. 
Both the theoretical principles and the practical details of de- 
sign and construction are presented. Some experimental results 
are also quoted. 

The book should serve as a very readable introduction to the 
subject. The addition of a list of references at the end of each 
chapter also provides an excellent guide to the literature. The 
book is attractively produced and contains many excellent dia- 
grams which greatly facilitate understanding of the text. 

E. D. FARMER 


Literature Received 


OED coonaetranecetonle ame tpemaueas a a 
s. 


Co ae Control Engineering by Steven 
McGraw Hi hang ay 4 Co. Ltd. 1960. 835 o £5 Se 6d. ved 
by P. L. Taylor, Longmans, Green & o, is 


Servomechanisms 
1960. 418 pp. £2 2s. 
The Advance Science Masters Handbook by Ivan L. Muter. tba 


Components Lid. 1960. = 12s. " * 
Automation y ER. . W. Crossman, D.S.1.R. 1960. 
60 pp. 3s. 6d. * 708 
Ergonomics of Automation by A. T. Welford. D.S.1.R. 1960. 60 


2s. * 
Nanosecond 100 ohm with Remote Control Facilities 
by A. K. Barlow and J. F. U.K.A.E.A, 1960. 14 pp. & 


Cots the relevant number on the reader information card facing page 194 
or further information. 
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the applications of Ermeto 
high pressure couplings 
are practically unlimited 


Ermeto high pressure couplings are specified by 
many leading manufacturers because of 
their proven reliability under arduous conditions. They are 
available in mild and stainiess steel, brass and aluminium alloy. 

Couplings, valves and flexible hose are supplied in 

a wide range of standard fittings. Non-standard 

fittings can also be made to meet your specifications. 
Technical information and our illustrated catalogue 
are freely available on request. 


BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD - MAIDENHEAD - BERKS . TELEPHONE: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 
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* REPLACEMENT 
* PROTOTYPING 


* STOCK CONTROL 





Our “MAKA-SWITCHES” 
(supplied as separate “Shafting 
Assemblies”, “Spacers’’, “Mains Switches” 
and 5 Combinations of “Wafers’”’) enable 
you to build almost any “Rotary” up to 6 
Banks, thus solving all your SWITCHING 
PROBLEMS! 


—_- 






You can now build almost any Mains Dropper by 
using our “MAINS DROPPER SECTIONS”. 
Available in a range of 32 Values (2 sizes). Another 
one of your headaches (especially T/V Droppers) 
gone! 


—_—S > =~ — = -_ ht a a> CD - 


Readiospares Ltd: 


4-8 MAPLE STREET - LONDON - W.I - ENGLAND 


RS Telephone: EUSton 7232-9 


TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
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VOLTAGE by 





THE GVH RANGE YOLSTAT 


Advance constant voltage transformers are available CONTINUOUS AND AUTOMATIC STABILIZATION 


in the CVH range with low harmonic distortion in 
the output waveform, ideal for use with precision 
equipment sensitive to power frequency harmonics, 
and also with all equipment requiring a constant 
voltage sinusoidal input. 


RAPID RESPONSE TIME 





CURRENT LIMITING CHARACTERISTIC 


COMPACT DESIGN 





In most applications the harmonic distortion present 
in the output waveform will not exceed 3%. Under 
the most unfavourable conditions this figure will not 
rise substantially above 5%. When used with a 
rectifier to provide a d.c. supply, the characteristics 
of the system are identical to the normal mains 
D source and particularly close regulation of the output 


NO MOVING PARTS 


NO ROUTINE MAINTENANCE 


is obtained. 


1/P V Range | ove V rm.s, Watts p.f. 


1190-260 50~| 240 =| S60 1.00 
190-260 50~| 240 125 | 1.00 
190-260 50~ 240 420 1.00 
190-260 50~ 240 

190-260 50~ 

| 190-260 50~ | 


190-260 50~ | 


| 

HT 
| 

iC 


sa 
' aot 


) iy 
ig ( 





Full details in Folder G1 available on request 


Advance COMPONENTS LIMITED 


eee MAINS STABILIZATION DIVISION e e e ° ® e ° . ° ° ° . . . e . ° 


NDON ROEBUCK ROAD « HAINAULT © ILFORD © ESSEX © TELEPHONE ! HAINAULT 4444 IT/De 
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Transistorized oO 


UNIVERSAL 


COUNTER 2:6 °3 3 
TIMER - 93@ vve #32 — 


This fully transistorized portable equipment pro- 
vides for a wide range of time and frequency 
measurement as well as facilities for counting, 
frequency division and the provision of standard 
frequencies. The facilities available are briefly listed 
below: 


Frequency Measurement 


Random Countin 
9 TIME/UNIT EVENT (1 LINE): For the measurement 


of the time interval between two occurrences in a 
continuously varying electrical function in the 
range 3usec to 1sec. The time for 1, 10 or 100 
Frequency Division such events can be measured. 


TIME/UNIT EVENT (2 LINE): For time measurement 
in range 1usec to 2777hrs. of any interval defined 
by a positive or negative going pulse in any 


Time Measurement combination. 


EVENTS/UNIT TIME: For frequency measurement 
in range 30c/s to 1Mc/s over period of 0-001, 0-01, 


Frequency Standard 0-1, 1 or 10secs. Crystal accuracy +2 parts in 
10°/week. For mains or 12Vd.c. operation. 


Full technical specification available on request. 


CINTEL RANK CINTEL LIMITED 


WORSLEY BRIDGE ROAD - LONDON - SE26 
CIN SYR ME NT) HITHER GREEN 4600 


Sales and Servicing Agents: Atkins, Robertson’ & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow ; 
McKellen Automation Ltd. |22 Seymour Grove, Old Trafford, Manchester 16; Hawnt & Co. Ltd. 112-114 Pritchett St., Birmingham 6. 
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New servo rebalance 







indicator/recorders offer 
high performance at low cost 


Available in 10’ circular chart and 10” wide 
strip chart versions with 1 second full scale 
traverse and common mechanisms of simple 
rugged design providing a performance 
comparable with many more expensive 
instruments. 


Both circular and strip chart versions are available with a wide 
range of measuring elements of all types—for temperature, 
pressure, flow, mechanical force, linear displacement. A special 
feature is the wide range of electrical measurements for which 
the instruments cater. A three-term control unit and associated 
electro-pneumatic valve positioner together with a compre- 
hensive range of pneumatically operated valves are also offered 
in the form of completely integrated schemes. 








1 Simplified pen drive mechanism & Hinge-out construction for ease of access 
2 Ease of access for connections 6 Dust-sealed cover 


3 Rugged steel case 7 Clear easy-to-read scale 
4 Replaceable control units for required characteristics & Hinge forward paper feed mechanism 
9 Large diameter indicator scale 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


LD.1. RUGELEY + STAFFORDSHIRE - ENGLAND M nero Industries Group 
Manufacturers of the world's widest range of industrial electronic control equipment 
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“ ya me ve 
ee a eee po ee Ret 
eT een le al 


It takes a brilliant mind and an orderly one 
to design and develop new installations 
and electronic techniques appropriate to 
the problems of the 60’s. The skilful 
manufacture to these designs by the 
craftsmen, using every type of aid, is 
equally important. Based on the experience 
of the Black Knight Research Vehicle 
Programme and a wide range of commercial 
contracts, the standard of neatness and 
Automatic typewriter system finish, essential to long trouble-free life 1s 
a particular feature of Saunders-Roe 
Pressure & Load transducers electronic apparatus. If you have an 
Torque Measurement engineering problem, we may be able to 
5 offer you a solution, based upon the latest 
Electronic Design Service electronics engineering techniques. 
Counter Timers 


Data amplifiers 


SAUNDERS = ROB 


A member of the Westland group of companies 


ELECTRONICS DIVISION 
OSBORNE WORKS EAST COWES ISLE OF WIGHT 


Telephone :- Cowes 2211 
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DELICATE CARGOES 


travel better with 





Modern electronic equipment is too delicate to face even normal travel hazards. Unless it is scientifically packed and 


cushioned many thousands of pounds worth of work and effort can be rendered useless. 


The Hairlok Laboratories have every facility for studying, planning, designing, testing and constructing every form of 


special packaging using Hairlok as a basic cushioning material specially moulded to firmly hold and protect your product. 


Hairlok is the finest rubberised hair, and is the most suitable material for electronic packaging purposes. It can 


be moulded in any density to meet the most stringent specifications and can be combined with individually constructed 
outers to withstand the rigours of all forms of handling and transit. 


SINGLE COMPONENT... 


Simple HAIRLOK 
cushioning for an 
expensive item of 

equipment with its 

tailor-made box. 






TO COMPLETE COMPUTOR 


Complicated data-processing 
equipment like this National 
Elliott System has been successfully 
packed with HAIRLOK for 
transportation to the other side 

of the world. 





THE ECONOMICAL ATLAS SYSTEM... 


. consists of a range of standard modules 
or units which can be combined in many 
simple ways to protect a variety of shapes and 
sizes. Some of the modules and the shapes 
that can be accommodated are shown here. 





For literature and further details, write or phone : 


THE (ee COMPANY LTD. Magna Works, Kathie Road, Bedford. Tel. Bedford 4271 
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Pe Shee 
MOULDINGS 
AND 
SEALS 


& CO. LTD. 
(a company of the Bell’s Asd2stoi 214 Bazirzzritz Gre) 


Bath Road, Slough, Bucks 
Phone: Slough 25041. Telegrams: Resvalar, Slough 


SEATRIST precision moulded and extruded 
products in Silicone and Viton materials offer Te = 
outstanding performance in applications to | icone an re \ iton 


(a Please write for Technical Bulletins C/R.B.17 & C/R.B.18 


involving high temperature and corrosive 
or destructive fluids. 


Sete ctacteaMecectecectasMan"acacecewtestase ad ecetae ae aceasta cade earner eaaes 


OPTICAL COMPARATOR 


TYPE 801A 


e 


The Optical Comparator is designed for the detection 
of the variation in optical properties between two 
liquids, or one liquid and a reference, passing through 
the sampling tubes, A light beam originated from a 
common source is projected through the liquids and 
focused on balanced photo-cells so that differences are 
easily detected. Amplification of the signal is achieved 
in a magnetic amplifier stage which can be arranged to 
operate an alarm relay at a predetermined level of out- 
of-balance. The sensitivity is high and contaminations of 


oil in water of as low as two parts per million can 


@ Miniature Chart Recorders Industrial Control Division 


@ Tension Controliers @ Special-purpose Control Relays CAXTON WAY - STEVENAGE - HERTS 
Comprehensive technical data sent on request Telephone : Stevenage 2110-7 
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One of 8 panels manufactured for 
Barlow-Whitney Ltd. 


This equipment comprises a two term proportional electronic self- 
balancing indicating controller actuating a triple gang 10 K.W. voltage 
regulator complete with continuously monitoring indicating controller 















and a periodically monitoring unit (A.C.F.S.U.*) automatically testing 
the input and output of potentiometric circuit and the mechanical 
functioning of controller without interfering with normal control process, 


and causing, if fault exists, alarm and safeguarding action. 


*This device sends right through the controller measuring and balancing 
circuits, a periodical test signal which, should it fail to get through due 
to any electrical or mechanical fault in the controller, causes an alarm 


Back view of panel 3 f 
to be given and automatic safe-guarding action to be taken. 








For full details contact: 


eT Es 


FOSTER INSTRUMENT CO. LTD., LETCHWORTH, HERTS., ENGLAND 


Members of B.1.M.C.A.M., S.1.M.A. and S.1.R.A. Telephone: Letchworth 984-5-6 Telegrams: Resilia, Letchworth 
Adve/WT/25/F 


+. 


GOLDEN JUBILEE YEAR 1960 
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ETHER ‘XACTROi : 


Potentiometer Recording Controllers, SERIES 20( 


TYPE 2000 with on/off control 


TYPE 2001 with Anticipatory control 
(1% band width) 


PHENOLIC 
MOULDED DOOR 


CONTROL 
POINTER 


PEN-CARRIAGE 
RAIL 


MAINS SUPPLY! 
COMPLETE UNIT : < SWITCH 


MOUNTED TO SLIDE OUT CONTE, Se 
AS ONE 
-for ease of service the amplifier is a plug-in unit. 


ETHER ‘XACTROL’ Potentiometer Recording Controllers are high-quality 
instruments, of the very latest design, for accurately controlling and 
measuring temperatures of — 200°C up to +2,000°C. They are equally 
suitable for measuring variables such as speed, strain, pressure and hydrogen- 


ion concentration, as well as any other quantity that can be expressed as 
an electrical signal, 
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*K SIMPLICITY OF DESIGN * EASIER RANGE CHANG 


es eee a 


Ae es * Unique Zero-load & Zero-differential control system 
FEATURES * 6 calibrated scale * Small panel cut-out 10; 9, 
iE INCLUDE! * Patent Ink Cartridge * Front control-point setting 


CABLE 
CONNECTIONS 
POSITIONED FOR 
ALL-STEEL WELDED CASE WALL- MOUNTING OR 
, PANEL-MOUNTING 


UNIQUE ZERO-LOAD 
& DIFFERENTIAL 
CONTROL SYSTEM 


LINEAR SLIDE-WIRE (Patent applied for) 


HAVING 1.000 CONYOLUTIONS 


SPECIALLY DESIGNED 
BALANCING- MOTOR 
WITH PRECISION 
GEARBOX 


INK CARTRIDGE 


SS 


PEN 
CARRIAGE 


CHART 
TEAR-OFF STRIP 


SYNCHRONOUS 
CONVERTER 


CONTROL 
SETTING KNOB 


6 inch CALIBRATED 
CHART 


o . 


AMPLIFIER 
GAIN CONTROL 


CALIBRATION 


PLUG-IN PRINTED-CIRCUIT ADJUSTMENT 


RANGE-CHANGE UNIT 


An exclusive feature of the ETHER ‘ XACTROL’ 
is the unique ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 


po <. \ applied for) 
—which totally eliminates the 


use of mechanically-operated aaa hy Please supply, without obligation, full details of the 
linkages and snap-action switches ETHER ‘ XACTROL.' 


@ ZERO-LOAD even at control point A D 
@ ZERO-DIFFERENTIAL 


@ WIPING-ACTION, continuously- 4 1) ST 
cleaning contacts 


@ ADJUSTABLE OVER FULL SPAN 


TYBURN ROAD BIRMINGHAM, 24 (East 0276-8) 
[3 lhe AN CAXTON WAY, STEVENAGE, HERTS (Stevenage 2110-7) 


REPRESENTATIVES THROUGHOUT THE U.K. 
AGENTS IN ALL PRINCIPAL COUNTRIES 





1G ;REATER ACCESSIBILITY * EASIER SERVICING &INSPECTION | © 
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Kodak 


‘Kodak’ is a registered trade-mark 


Pea to the 


ae meer 
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\ertronic 
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TWO POPULAR PHOTO-RECORDING MATERIALS 


You want clear records, so you use 
a photographic emulsion particularly 
sensitive to the colour of the trace. 
And you want a practical combin- 
ation of emulsion speed and colour 
sensitivity. Kodak make a wide range 
of materials for photo-recording so 
you can have what you want. Here 
are details of two of them. 


R.20 MEDIUM-SPEED 
BLUE-SENSITIVE FILM 

For use in instruments having slow- 
moving light spots, and for cathode- 
ray oscilloscope recording with blue 
screens. It has very high contrast and 
resolution. Sensitive to all sources 
except those with mainly green and 
red emission. 


R.60 HIGH-SPEED PANCHRO- 
MATIC RECORDING FILM 
Recommended for recording work 
which involves the highest speeds, 
especially where screens are used 
with very high writing speeds. Sen- 
sitive to ultra-violet and to the visible 
spectrum. 


Kodak Limited, Industrial Sales Division, 
Kodak House, Kingsway, 
London, W.C.2 


our products 


include — 


*“COUNTEC’” (rezs.) Series 
Of Counting & Batching Equipment 
Electronic Sequential Timing System 
*“REGISTEC’ (Regd.) Photo Electric 
Registration Control Equipment 

* REGISTRAC” (Rege.) 

Continuous Alignment Control 

* PHASITRON ” (Regd.) 

Artificial Lighting Control System 


* THERMATROL’ Automatic 
Temperature Control & Measurement 


System 

* VIBRATOR’ (Electrical) 

For Hoppers and Ducts 

SMOKE MONITOR and 
ALARM SYSTEM 

Special Purpose Automatic Inspection 

Devices 


Send your Automation problem to: 
SARGROVE ELECTRONICS LTD. 


Alexandra Road, Hounslow, Middx. 
HOUnslow 0213-0606 
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KEEPING AN 
EYE ON THINGS WITH 
LAMP ANNUNCIATORS 


There is a range of Firth Cleveland lamp annunciators 
to keep an eye on things for you. These are designed for alarm and 
advisory functions wherever visual signals are required. Where you need the additional 
protection of an audible signal, we can arrange a bell, hooter or siren to be 
connected in parallel. A muting switch allows you to silence the signal once your attention 
has been attracted, and when conditions return to normal there is an automatic reminder for you 
to reset it. We have designed the case so that you can mount it to suit yourself—semi-flush 
or projecting from the panel. You can use these annunciators in conjunction with the Firth 
Cleveland capsule operated pressure switches for liquid level alarm indication. 
Single switch units are available for high or low alarm, and 


double switch units where dual protection is required, 


The range of Firth Cleveland industrial instruments also 
includes Hydrostatic tank contents gauges and pressure 
relief valves all of which are complementary to each other. 


We shall be happy to send you full details. 


FIRTH GLEVELAND INSTRUMENTS LTD 


Stornoway House, Cleveland Row, London, $.W.1. Telephone WHitehall 2166 


GRANCHES : BIRMINGHAM - MANCHESTER - GLASGOW - STOCKHOLM - COPENHAGEN - BALLARAT - SYDNEY - JOHANNESBURG - WAARDEN - MILAN - NEW YORK + BRUSSELS - MANNNEIM 
A MEMBER OF THE FIRTH CLEVELAND GROUP (FC) 
cac310 
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A-C Power Ralays by 


DONOVAN 






with one auxiliary 
with 2, 4,or 8 poLes sainias Shi. 
Any pole can be supplied “ Normailly-open ” 
or “Normally-closed”; double-break main 
contacts rated at 10-amps. 550-volts maxi- 
mum. One or two auxiliary change-over con- 
tacts can be added in addition to main poles. 
Tractive coils available—6 to 550-volts A.C. 


The relay when open style, is supplied with 
back fixing plate suitable for mounting on 
insulation or steel panels, or in metal cases. 


THE DONOVAN ELECTRICAL CO. 
72-82 GRANVILLE STREET - BIRMINGHAM 1 


LONDON DEPOT: 149-151 YORK WAY N.7 ; GLASGOW DEPOT: 22 PITT ST., C.2 






LTD. 













Open 
with two auxiliary 
contacts added. 





Sales Engineers available in 
LONDON - BIRMINGHAM - MANCHESTER - GLASGOW - BELFAST - BOURNEMOUTH 


PREGISE CONTROL 





CONTROL VALVES 
AND ASSOCIATED EQUIPMENT 


The Cockburns B.S.B. Super 70 series offers a Cockburns Ltd., and their 
new standard in precise control and regulation, Associated Companies in the 
with pneumatic or hydraulic operation. Flow United Kingdom, Holland 
coefficients have been thoroughly laboratory and France are now manu- 


facturing Super 70 series 
Control Valves, Regulators, 
Liquid Level Controllers, 


tested for the complete range of valves. Super 
70 valves have demonstrated their superior 








performance characteristics in oil refineries, under licence from Black, 
chemical plants and power stations all over the Sivalls & Bryson, Kansas 
~ world. . City, U.S.A. 


NOW a 
re 8 P 
being manufactu Biack, TE & Ed ryson, inc. 


Tr hed a 


COCKBURNS LTD. COCKBURNS (NEDERLAND) N.V. 
Cardonald, Glasgow, S.W.1. Kethel, Schiedam. 
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From one to twenty-tour accurate recordings - 
on an easy-to-read strip chart that is 12}” wide 
-with an instrument that combines fast response, 
sturdy construction and superb  design- 
simplicity! These are some of the advantages 
behind Dynamaster’s reputation for efficiency 
in industrial plants, pilot plants, laboratories 
and research units. Let us tell you more about 
Bristol’s Dynamaster - available as a self- 

balancing potentiometer or as a_ bridge , a ees 3 
instrument for dependable recording or control. 


Td 


Continuous measurement ° 






DYNAMASTER POTENTIOMETER 


controls and/or records quantities that can be 


measured in terms of D.C. voltage or current. % Wide chart and boldly-figured 
indicating scale. 





* Few moving parts. 




















and es — % Single or multi-channel models 
nue controls and/or records variables which are available for quick deliver 
ries fi ‘ f . : q ry: 
ors, a function of resistance or capacity. 
ers, 
ick, 
1sas Complete information from 
Chemical and Oil Section PROCESS CONTROL DIVISION 
Steen ELLIOTT BROTHERS (LONDON) LTD 
CENTURY WORKS, LEWISHAM, LONDON SE13 Telephone: TiDeway 1271 
By A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
Linea 
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HOPPER LEVEL SWITCH 
Types STA and SEN 









This switch, which is 40%, cheaper than its predecessor, 
is designed to operate electrical contacts when bulk 
materials press against the diaphragm, can be used for 
controlling the level in a hopper or similar container: 
indicating the height of material by controlling signal 
lamps or an audible warning. 


Construction — Robust, dust and damp proof. 
The diaphragm is backed by a metal plate, so that al- 
though the unit is sensitive, considerable force can be 
applied against the diaphragm without any damage 
occurring. Single pole changeover snap action con- 
tacts are incorporated, wired to a 3-way terminal block. 














Typical uses :— 


On Hoppers; on Elevator Belts and Conveyors; for 
Weighing and Blending Devices; Centralised Control. 


Write for List No. 126/C now available. 


LONDEX LTD. 


ANERLEY WORKS LONDON SE20 
Telephone: SYDenham 3111 
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The WaT FA-I60 
ALTIMETER 


HI 


Last year, the United States Navy carried out a balloon 
project to photograph the planet Venus. Amongst the 
instruments used for recording information was a W &T 
Absolute Pressure Indicator type FA-160 which records 
heights of over 80,000 feet. This Altimeter weighs only 
three pounds. In the balloon project, it provided accurate 
readings at rates of descent up to 4,000 feet per minute 
—readings that were checked by ground radar. 


Whether your problem be special 
flight instrumentation or alti- 
tude standards for calibration 
work, a W & T Instrument indi- 
vidually calibrated to your 
requirements is available. May 
we send you full descriptive 
literature ? 


Please write to: 
INSTRUMENTS DEPARTMENT 











WALLACE « TIERNAR 


LONDON & TONBRIDGE! 
HEAD OFFICE ( 
POWER ROAD: LONDON W4 
Telephone: Chiswick 7191 
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RELIABLE 
PERFORMANCE 


COMPONENTS 


gst. the The standard of reliability of STC components is set by the 
iW &T \ vital roles of the navigation and communications equip- 
recoil - . ments in which many of them are used. The consequent 
he ae employment of top grade materials and high degrees of 
> Y skill and care in manufacture ensures that all users of STC 
ea components may have the fullest confidence in them. 


balloon 


YOU CAN RELY ON STC COMPONENTS 


Brimistors Capacitors 
Contact Cooled Rectifiers 
Ferrites Germanium Diodes 
Germanium Photocelils 
Hermetic Seals High Stability Resistors 
Magnetic Materials 
Quartz Crystalis Relays 
Special Vaives Selenium Rectifiers 
Silicon Rectifiers Silistors 
Suppressors Transistors Thermistors 
Transformers Zener Diodes 


Get to know about STC Components—write for booklet M/103 
which lists all components and their relevant technical literature. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2. 
COMPONENTS GROUP - FOOTSCRAY - SIDCUP - KENT 
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more | 


and more 
people are 
_~ using.. 


CABLE CLIPS. 


and no wonder when you 
look at these advantages... 


In Nylon... 
Type NX 


* Resistant to practically 
all forms of corrosion 


* Light as a feather—4 
the weight of metal 
* Immense strength — 


moulded in tough 
Nylon 


* Eliminates ‘‘Cold 
Flow” with Plastic In- 
sulated Cables 


* Cable grip and locking 
features 





and highest grade P.V.C.... 
Type X Type CGY 


tan 


eae 


ays 
Manufactured in highest grade 
hard P.V.C. in twenty-five 
different sizes from 4 in. inside 
diameter to 2 in. inside diameter 
to cover the smallest and largest 
wiring runs. 


For dual cable runs in seventeen 
sizes, covering cable diameters 
& in. up to & in. In highest 
grade hard P.V.C. 


Wherever a high grade and secure fixing is required for cables, tubes 
or components, Insuloid Cable Clips will be found. 
Every year more and more millions of Insuloid NX, CY and X type 
clips are supplied all over the world. 

That’s real proof of satisfaction and service in all climatic conditions. 
Send for fully descriptive literature covering a full range of Insuloid 
Cable Clips today. 

INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leaston Avenue, WYTHENSHAWE, Manchester. 
Tel: WYT 2842 & 3163. 
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-HENDREY 


Control Consoles 


We are specialists in the 
manufacture of Control 
Consoles to meet individual 
specifications. 


The example _ illustrated 
above right, shows a Con- 
sole built to a customer's 
specific requirements to 
provide a convenient and 
centralised control point 
for multiple alarm and in- 
dicator circuits situated in 
diverse positions on site. 


These consoles are strongly 
constructed and well fin- 
ished. Visual and audible 
signals may be provided, 
together with either projecting 
buttons for cancellation or 
required. 


or recessed push 


circuits as 


Write now for full information (Ess 


Hendrey Relays 


HENDREY RELAYS LTD. . sams roan - sioucH . sucks. 
Telephone: Burnham 609/61 | 
MANUFACTURING ELECTRICAL ENGINEERS 


CONTROL AND LABORATORY APPARATUS 
On Admiralty, Principal Ministries and Post Office Lists, A.I.D. and A.R.B. 


CONTROL November 


1960 
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HERMETIC SUB-MINIATURE POWER 
SERIES SERIES SERIES 


wld Dt 


mae 


Electrical 
eas 


MINIATURE 


PRINTED CIRCUIT 
SERIES 
* Precision Mouldings 


* Gold-plated Contacts 


SUB-MINIATURE ROUND 
SERIES 


STACKABLE 
SERIES 


MINIATURE ROUND 
SERIES 


Illustrated technical data sent on request: 


ELECTRO METHODS LTD, Electric 
le Ne 101 on reply card for further details 
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OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 


Illustrated is the twin cylinder model WILLIAMS & JAMES ENGINEERS LIMITED . 
having a free air delivery of 50 c.f.m. Wei to : N CG LA ND 


ELEPHONE  C UCESTER 24 TELEGRAMS & ABLE 





For Copper * 
Tubing }” and 
5/16" O.D. 
; Here is agood looking J 
in high” qualia ‘brass, with a Plastic 
Handwhi fn be used for Copper, 
Mastic Tubing. For Nylon, 
= the Copper Compression Ring 
vith the “‘N”’ Ferrule. For Plastic Tubing, 
these Valves are supplied with the Patent 
Wade “P”’ Joint, now in 
universal use. 


ith N” ferrule)” 
x 3/1 ; | +For Plastic Tubing ‘ 
yi a }" O.D. x $/32" I.D. and 
§/16° O.D. x 3/16" LD. 


ADE COUPLINGS 


ae bx “couPLINGS LIMITED 


- 


270, Hig pad, ILFORD, ESSEX. 


Telephone* Ford 1185/6/7. 
. i 
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25,000 volt or 6 volt transformers — it’s all the same to FOSTER 


They come in all shapes and sizes! 


standard lines and custom built 


FOSTER Transformers Limited are transformer, test | the most up-to-date research. Foster equipment is 
gear, and voltage regulation specialists to the world’s | supplied through Branches and Agents in 36 countries. 


electrical industries. Besides offering the widest and | 


most varied range of equipment available, Foster Trans- | A member of the Metal Industries Group of Companies 


formers especially welcomes enquiries for custom-built | FOSTER TRANSFORMERS 


or development designs tailor-made to suit individual | 
- | FOSTER TRANSFORMERS LIMITED, SOUTH WIMBLEDON, s.W.19. 


requirements. Every product, great and small, is built | re:epHone::eRTy2211.TELEGRAMS:FOSTRANS.CABLES:LONDON, TELEX 
with the skill of long experience applied in the light of | 
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Ti n 5 ! cy PRECISION COMPONENT RESISTORS 


with Resistance tolerance better than 0.1% 


Exceptionally compact and light in weight 
the Type 5206 resistor units of very high 
stability are hermetically sealed in metal 
cases, Designed for use where resistances 
up to 10 MQ are required, the units 

the specifications laid down in R.A.E. 
G.1177 and satisfy the tests described 
Spec. R.C.S. 11. 


Rating: 500 V per MQ 

Temperature coefficient: i 20 parts per 
million per °C at 
room temperature 

Time constant: Approximately 10-* seconds 

Max voltage: 500 V d.c. 


Write for full details to: 


LTD. | Werndee Hall, South Norwood, London, S.E.25 tel : Addiscombe 6046-8 


new Type R 


| SALFORD 
PANEL MOUNTING | 
Tee Se 


A unique feature of this new e is 
MOVING COIL the front plate of anodised aluminium, 
TYPE supplied in any colour to match sur- 
rounding apparatus. The case, of clean 
MOVING COIL rectangular s SLi ent is moulded in 
phenolic mate and fixing is easy 
WITH RECTIFIER and adaptable. 
Instruments can be sw ss - ae 
MOVING COIL measurement of all D.C. 
WITH currents and voltages. 


The legibility of the scale is exceptional 

THERMO COUPLE and ot unnecessary marki have 
been eliminated. Scales are white en- 

MOVING IRON amelled on metal with black markings. 


TYPE Send for leaflets 


F 2’ TYPER 
SALFORD ELECTRICAL INSTRUMENTS LTD permanence: oo: sertimpany 
SEE as 


PEEL WORKS, SILK STREET, SALFORD 3, LANCASHIRE. Telephone: Blackfriars 668 
London Sales office : Magnet House, Kingsway, W.C.2. Tel: Temple Bar 4668 


A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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PNEUTOMATION 


The guiding hand with a giant’s 

strength and more than human 
accuracy, timing and speed — 

that’s ‘ Pneutomation’, 

the pneumatic power system 

that controls a host of simple 

or complex operations, from 
jig-boring to bell-ringing. Take a 
look round your factory, you'll find 

a score of jobs that could do with 

a ‘pick-me-up’ from ‘Pneutomation’. 
*Pneutomation’ costs 

less than you’d think too, because systems 
to suit almost every need 

are available ‘off-the-shelf’, 

thanks to the very wide range 


of standard components. 


Squinch says :- 

“Plan with Lang Pneutomation in 
mind, right from the start, you'll 
be certain of the happy ending !” 


Write to:- 


Lang Pneumatic Ltd 


(ASSOCIATED WITH DESOUTTER BROTHERS [HOLDINGS] LTD) 


OWEN ROAD WOLVERHAMPTON TEL: Wolverhampton 2522!-2-3-4 
Telex: 33193 
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Clectuically Operated 
COUNTER 


AT NEW LOW COST 


* Rated speed-up to 1000 Counts per minute 
% Designed for panel or base mounting 

* Centre reset by knob 

* Connection by flying leads 

* Maximum voltage 110 D.C.—250 A.C. 


English Numbering Machines Limited 
Dept. 2K QUEENSWAY ENFIELD MIDDLESEX 
Telephone: HOWard 2611 (5S lines) Telegrams: Numgravco, Enfieid 


MODEL 442 


Full technical information on request 


A SELECTION FROM THE RANGE OF PARVALUX F.H.P. MOTORS 


LEADING MANUFACTURERS OF COUNTING AND NUMBERING DEVICES 








Shaded Pole 
Constant 


s 
17300217140 HP 


Shaded Pole 
Constant 


Speed 
19-330 RPM 


Shaded Pole 


Constant 
1/4te RPM 


Series Wound 
Variable 


1/100-1/10 HP 


Series Wound 
Variable 
Speed 
25-800 RPM 


Series Wound 
Variable 


0-580 RPM 


RECO. TRADE MARK 


2, sag | a 
| V / 


LIMITED 


Series Wound 
— 
1/40-1/5 HP 


Wound 
"a 
22-800 RPM 


Series Wound 
Variable 


0-3-0 RPM 


Capacitor 
Constant 


s 
11502730 HP 


Capacitor 
Constant 


gpeed 
17-680 RPM 


itor 
Sonstane 


0-3-159S RPM 


Capacitor 

Constant 
Speed 

1/40-1/5 HP 


Capacitor 
Constant 


Speed 
20-700 RPM 


Capacitor 
Ss 
0-2-9 RPM 


it Phase 
stant 


1/40-1/5 HP 


Split Phase 
Constant 


20-700 RPM 


it Phase 
“Gosones 


0-2°15"RPM 


OUR 1960 CATALOGUE AVAILABLE ON REQUEST 
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(Dept. C), PARKSTONE, POOLE, DORSET, ENGLAND. Tel: Parkstone 5411-2 PBX Grams: Parvalux Parkstone 
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The Short Control System Analyser 


A new instrument for investigation of feedback control systems. 
The Analyser incorporates the Short Low Frequency Oscillator. 


Control of rolling mill 
and mining machinery 


Design of 
heavy crane control gear 


Gun contro! problems 


Reactor 


contro! mechanisms 
© Steady inphase and quadrature readings. 


© Gomplete rejection of system D.C. 

© Harmonic rejection. 

© D.C. content less than 0.0005%. 

* Sine and cosine distortion less than 0.5%. r etna 
+ Rep & TS : a caged 
© Frequency range 0.01—109.9 c/s within 1%. 


© Zero start and exponential finish to sine wave 
output. 


Write for data sheet to: 
COMPUTOR SALES DEPARTMENT, SHORT BROTHERS AND HARLAND LIMITED East india House, 208a Regent Street, London W.1 
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Optical digitizers 


@ No rubbing contacts 

@ Only one moving part —a glass disk 
@ Low torque 

@ Low moment of inertia 

@ Long Life 


@ Only 3in. in diameter 


Optical digitizers are 
RELIABLE! 


98 ST PANCRAS WAY: LONDON - NW1 


Keeo Guose Condack CLEAN 


by using a 


SEPI 


DIACROM SPATULA 


The “Diacrom” is a metal spatula upon which 
diamond powder has been deposited by a special 
process. No deep scratches are possible because 
density is controlled and the polishing of the 
contacts is achieved by a gentle brushing motion. 
With coloured nylon handle for complete insula- 
tion and easy size identification. 


® Grain size 200, thickness 55/100 mm., both faces diamonded. 
For quick cleaning of industrial relays and switching equip- 
ment, etc. 


Grain size 300, thickness 55/100 mm., both faces diamonded. 
For smaller equipments, like telephone relays, computer 
relays, etc. 


® Grain size 400, thickness 25/100 mm., one face diamondcd. 
For sensitive relays and tiny contacts. Two close contacts 
aang each other can be individually cleaned, because only 
one face of the spatula is abrasive. 


Actual size of Spatula 


Manufactured in France 
British Patents applied for. 
Sole Distributors for the United Kingdom 


S. GUITERMAN & CO. LTD - 37 SOHO SQ., LONDON W.|I > phone: Gerrard 257! 


As supplied to the War Office, U.K.A.E.A., Electricity Generating Boards, British Railways, and other public authorities and also to leading electronic and industrial 
users throughout the United Kingdom 
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The specialised equipment shown in our illustration is 
housed in Hassett & Harper Cabinets at one of the 
Authority’s Establishments. 

We are proud to include the Authority in our list 
of distinguished customers, and to have co-operated 
with their engineers in this project. 

Whoever our customer may be, we operate with a 
dual aim : to supply his exact requirements and to 
maintain Hassett & Harper standards at a consistently 
high level. From initial consultation, through detailed 


development to completion of a precision-made job 
delivered on time, our engineers will display lively 
and interested co-operation. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement. Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 


Hassclt é Harper Lid 


REGENT PLACE, BIRMINGHAM, 1 


LONDON SHOWROOM : 1 GREAT CUMBERLAND PLACE, LONDON, W.1. 


TEL. CENTRAL 6418 


TEL. PADDINGTON 4691 


Circle No 113 on reply card for further details 





Circle No 114 on reply card for further details 


TTA EO, 


: WITH TRANSPARENT DUST COVER 
NOW SUPPLIED AS FOLLOWS: AND PLUG-IN BASE 
@ 6 Change-overs Light Duty 


@ 6 Makes or 6 Breaks Heavy Duty Ts As supplied exclusively for 

© 2. Change-overs italy Duty ant , . BERKELEY 
2 Change-overs Light Duty J jj = 

@ Transistorised to operate as low as “f % ' “ED POWER STATION 
3 micro-amps it —_— Ss 


@ A.C. Operation for: 6év. I2v. 50v. 
110v. and 250v. A.C. 


@ Double Wound Coils 
@ P.T.F.E. Insulation 
@ Operate and Delay up to 5 Seconds. 


A.1.D. 

ADMIRALTY APPROVED 

3000 & 600 TYPE RELAYS ocnn tie alee 
23° xi}h’ x}? 


A D 7 RELAYS ee) 89-97, ST. JOHN STREET, CLERKENWELL. E.C.| 
oa mn >. Telephone : CLErkenwell 3393/4/5 





SECTIONAL GHA 
UNITS 


* Available in a full 
range of sizes. 


* Choice of aluminium 
or mild steel. 


+ Componentsinclude 
Panels, Handles and 
Protection Covers. 


INSTRUMENT RACKS . CASES 


Datum CONSOLES AND CHASSIS UNITS 
| DATUM METAL PRODUCTS LTD. oreuT 


COLNE WAY TRADING ESTATE - WATFORD-BY-PASS - WATFORD - HERTS 
Telephone: Watford 22351 Telegrams: Datum, Watford 
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Why it will pay you to study 
the possibilities of the 


Substantial saving in weight 
High degree of flexibility—no metal fatigue 
Terminations fit British and American 


connectors, junction boxes, etc. Regd. Trade Mark 


Withstands t t f —70°C t 

i4aerO-—cobtineces rating r CONDUIT SYSTEM 
Provision for pressure sealed electrical system 
Eliminates special cable lays, moulded 


4 if you are interested in 


harnesses, and problems involved in any of these design 
encapsulation features you cannot 


Simplifies connector wiring and permits easy ignore: tie  Superfiext 


con: uctor changes patented *‘Conflex’ 
Assembly in situ requires no special tools Condutt Sretam pow 

being widely used by 
Provision for double-screening on R.F. circuits 


leading Electronic Manu- 
Conduit unaffected by ester-based fluids facturers. 


SUPERFLEXIT LTD - BUCKINGHAM AVENUE - SLOUGH - BUCKS 
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Your guarantee of satisfaction 


Always refer to the 


STANLEY 


“A” EDITION CATALOGUE 


The “‘Stanley” range comprises all that is best in:— 


Surveying Instruments and Equipment. 
Drawing Instruments. 

Drawing Office Equipment. 

Drafting Machines, Drawing Scales. 
Mathematical Instruments :— 

Planimeters, Integrators, Integraphs, 
Harmonic Analysers, etc. 


Copies of the “A” Catalogue will be sent on request (Con.Al) 


Head Office & 


Main Works. NEW ELTHAM, LONDON, S.E.9 
Phone: ELTham 3836. Grams: “Turnstile” Souphone London 


Showrooms :— 
78/80 High Holborn, London, W.C.1 (Phone: HOLborn 2684) 
Branches:— 
. F. ST. LE . Limi , _ 13 Railway Approach, London Bridge, London, S.E.1 (HOP 0871/2) 
ad s AN Y & Co Limited 52 Bothwell Street, Glasgow, C.2 (Central 7130) 





AS acknowledged leaders in the 
automatic resistance welding field, j 
British Federal have a very wide € : ee Ser s ote 
experience of specialised control 
equipment. 
The Company’s considerable 
resources in design manufacture 
are now available to industry 
generally, for the production of 
special purpose electric and elec- 
tronic control equipment. 
This covers the control not 
only of welding machines, but of 
motors, machine tools, conveyors 
and all types of automatic trans- 
fer equipment, and it also includes 
semi-standard panels which can 
be tailored to suit a wide variety 
of specific applications. welling” contr ila ~~ 


British oer 


The British Federal Welder and Machine Co. Ltd. manufactures nufac- 
a comprehensive range of welding gear and allied equipment and 
has considerable experience in applying welding methods to ——— en 
industrial problems. 
ALL TYPES RESISTANCE WELDING MACHINES ° AUTOMATIC AND MANUAL CONTROL ° JIGS, TOOLS AND FIXTURES 
BRITISH FEDERAL WELDER & MACHINE CO. LTD. CASTLE MILL WORKS, DUDLEY, WORCS. TELEPHONE DUDLEY 54701 
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—> 3 TYPE HA2500 
DIMENSION A 
AS REQUIRED 


= 250% 7 


oo 





HIGH LAW ACCURACY 
























Al) 
* * 
without cam correction 
E.9 
ondon 
2684) In this new continuous rotation type HA 2500 
Potentiometer intensive research has made possible 
oo This illustration high accuracy with much improved mechanical 
7130) is actual size stability. A precision machined light alloy body, an 
mocod accurately ground ball-bearing mounted spindle - 
a patented design that eliminates cam correction, 
combine to give the following advantages :— 
Ree @ LOWER TORQUE @ LONGER LIFE 
wide @ REDUCED WEAR @ LOWER COST 





















SRG F 





sf eC f rCA TION 





Resistance range 100 to 100,000 ohms. 





ree mee j ‘eee ae eae Law Accuracy (Absolute) + 0.25% or + 0.10% 
(Independent law accuracy to closer limits) 

eee and ANOTHER ADDITION TO THE veantenien Qtietiin Pemuen toziin 

COMPREHENSIVE RELIANCE RANGE : 8 q a 

Maximum Ganged Sections Four. 

The TYPE W3 (3 WATT) Maximum Tappings ; Nine. 


This model conforms with specification DEF-5I2! style 
RVW 7 & 8(formerly RAC.RAD) and is a fully sealed unit . : , . ‘ 
with integrally constructed moulded cover. Also available Full technical details and dimensional drawings in 


a Data Sheet No. 100 available on request. 


Full technical details 
in Data Sheet 
No. 9 

















If our standard types do not meet your particular 
requirements, our research and development engineers 
are at your service. 






This illustration 
is actual size 










RELIANCE MANUFACTURING CO. (soutHwark) LTD. 
SUTHERLAND ROAD: HIGHAM HILL‘WALTHAMSTOW: LONDON ° E.1!7. 
Telephone No. (and for Cables) LARkswood | | /8/9 








ysa7el 







GD.60 
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THE BRYANS 
“X” & “Y” Go-ordinate Plotting Table 


CATALOGUE No. 1806 


@ A well-designed and robust instrument. 


@ A high degree of plotting accuracy is 
maintained with a good speed of 
response. 


@ Plotting area 15” x 10” on paper. 


For further details write to:— 


BRYANS AEROQUIPMENT 
LIMITED 

Specialists in precision measurement of pressure, 
temperature and speed. Design and production facilities 


available for test equipment and multiple panel building 
including electrical and electronic work. 


WILLOW LANE MITCHAM JUNCTION SURREY TELEPHONE: MITCHAM 5134 (5 LINES) 


MORE PERMANENT CAPITAL 


IS WHAT YOU NEED 


to finance new equipment, plant, machinery and buildings for 
your expansion and progress. 


Capital for this purpose is provided 
both in the form of long-term loans and share capital by 


The booklet ‘Capital for Business’ will be sent on request 
INDUSTRIAL & COMMERCIAL FINANCE CORPORATION LTD 
HEAD OFFICE: 7 Drapers’ Gardens, London EC2. National 8621/5 


and branches in industrial centres 
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titomnaitic sequence timing 





Elcontrol Timers for process and 
machine control include:- 
PROCESS TIMERS 


which start a process on closing 
the initiating switch, and stop it 
at the end of the time interval. 


DELAY SWITCHES 


which start or stop a process at 
the end of the time interval. 








CYCLIC TIMERS 























which automatically repeat a 


: F The new TRU3 
process at pre-determined inter- TIMER or Delay 
vals. Switch £14. 





SEQUENCE TIMERS 
which give full programming of 
complex processes embodying 

a number of timing stages. 





A complete sequence 
control panel for 

Diecasting Machine 
control. 






CYCLIC TIMER 
showing withdrawable 
chassis. 


Repetitive accuracy of standard units is within +2%, anda 
special high accuracy timer is available which betters +0.1 %. 












Standard Timing Ranges cover between them 0.1 to 300 
seconds. 


Prices range from £14 upwards. 


Elcontrol Timers are widely used on Resistance Welding 
Machines, Foundry Machines, Diecasting Machines, Filling 
Machines, Conveyors, Testing Equipment, Distillation Plant, 
Machine Tools and Process Plant throughout industry. 


We shall be glad to advise on the use of Standard Timers or 
Special Control Systems for particular applications. 


(ELCONTROL i control systems 











IDLANDS 
Regd Trade Mark A. M. LOCK & Co. Ltd., Newborough Rd., Solihull . . . « Shirley 5703 
N. WEST: 
ELCONTROL LTD - HITCHIN - HERTS oa oo Led., Union St., Oldham . « 6 « « «+ « Main 6744 
ST Telephone: Hitchin 2411 A. R. BOLTON & Co. Ltd., Bankhead Dr., Sighthill, Edinburgh 11. CRA 5235/6 
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ANNOUNCING THE NEW 


NUMICATOR 


a high quality miniature, 
in-line, digital display tube. 


The XN1 NUMICATOR displays digits from 0 to 9 
(or other symbols such as “+” or “—” or fractions if 
required) clearly and brightly. It operates from a 
minimum voltage of 180v. D.C. and at a current of 
approx. 1-SmA, 


Our Technical Service Department 
- is ready to provide further details 
AXE | i ] i on application. 


A Member of the Automatic Telephone & Electric Group 
Stonefield Way, South Ruislip, Middx. T : Ruislip 3366. 
P.N.2 


WOW THERE ARE EIGHT 


EB e RCO wre RATINGS 
TOROIDAL RHEOSTATS 


So popular has the original range of five 
Berco rheostats become that three new 
models have been introduced. Like all 
Bercostats they have five important 
features :— 
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VITREOUS ENAMEL BONDED 
HIGHEST MECHANICAL STRENGTH 
MAXIMUM ELECTRICAL 
PERFORMANCE 
Ask for list 613A, which gives 
MINIMUM SIZE IN RELATION TO . : . 
POWER DISSIPATION ” ee. a" details and prices 
CAN BE USED IN TROPICAL ~s THE 
SITUATIONS WITHOUT rl 
MODIFICATION C BRITISH ELECTRIC 
ae RESISTANCE CO. LTD. 
Queensway, Ponders End, 
Middlesex. 
“Phone : Howard 2411 
*Grams : Vitrohm Enfield 
Pioneers of the toriodally wound 
rheostats in England, 
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BR 1331-BXH 
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For any type of 





SOLENOID VALVE 


— Whafever your need 


+ 
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SPECIALS made to suit 
customers’ requirements 


If the solenoid valves you couere are not 
included in our comprehensive standard 
ranges, our Design Engineers will gladly 
develop special types to suit your require- 
ments. Whatever your need, send us your 
enquiries for prompt attention 


This solenoid vaive, 
made entirely of 
stainless steel, was 
custom-built to control 
high-pressure _radio- 
active material at a 
temperawre of 10°F 
for a nuclear energy 
application. 
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CONTROL & 
STABILITY 


70,000 
VOLTS 


To lightness, ease of handling and flexibility 
of nylon tubing . . . add ease of coupling... 
with SIMPLIFIX NYLON-TUBE 
COMPRESSION FITTINGS. No work 
is required on tube end . . . ingenious brass 
olive makes perfect seal and prevents tube 
from twisting when joint is made. 

Simplifix couplings are economical too. 
Standard bodies are used for nylon tube— 
with special olives and securing nuts. 

So if you use both copper and nylon tube, 
costs and stocks can be kept to the minimum. 
There is an enormous range of Simplifix 
couplings to choose from— 

over 12,000 different types and sizes! 


Simplifix compression couplings for nylon tube. 

Simplifix olives and securing nuts for 

nylon tube are available for standard 

coupling bodies in O.D. tube sizes S-E-T Type TV 501 
of %&”, +”, *&”, #” and 4”. Complete 4 

couplings for nylon tube are also available A reliable control triode for 
in same range of sizes. accurate stabilisation and 


Nylon tube can also be supplied by control of high voltages. 
Simplifix in a wide range of colours and sizes. 


ay Va max — 70,000 voits 
Techmical literature sent on request. 
Technical representatives available on call. lamax — 1,500mA 


SIMPLIFIX 


SIMPLIFIX COUPLINGS LIMITED « HARGRAVE ROAD 


SOLUS ELECTRONIC TUBES LIMITED 
MAIDENHEAD - BERKS - TEL: MAIDENHEAD 5100 ere 
15/18 Clipstone St., London, WI Tel: MUSeum 5080 


A member of the ALENCO Group of Companies 
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ANOTHER 


Advance 


THE PPS 


Specifically designed to satisfy the requirement for a compact 
high-grade power supply at low cost, the PPS incorporates a 
unique electronic cut-out, protecting both instrument and 
load, and is therefore ideal for developing and testing 
transistor circuits. 

Output continuously variable from 0 to 15V 

Maximum load current 0°5A 

Output impedance: d.c.-less than 0°01 ohms 

a.c.-less than 0°2 ohms (up to 100 ke/s) 

Ripple less than ImV peak to peak 

Dual range voltage and current meter 

Electronic cut-out adjustable from 50 to 500 mA 


Nett price in U.K. £40 
Leaflet No. GB102 available on request 


in their range of 
LABORATORY GRADE 
STABILIZED POWER SUPPLIES 


SSS Be a ea a 


tipple injection 
Nett price in U.K. £150 
Leaflet No. GB103 available on request 


Two supplies: 0 to 30V, 1A max. 
Up to @OV by series connection 
Ripple less than ImV p.p. 

Nett price in U.K. £115 

Leaflet No, GC62 available on request 


Advance COMPONENTS LIMITED 


LT.Ca, 


ROEBUCK ROAD + HAINAULT * ILFORD © ESSEX * TELEPHONE ! HAINAULT 4444 
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« 
Write for Lists. CD. For future publications, 
ask for Mailing Form CD/11/60. 


CAMBRIDGE 























FOR miniature 





POLYPENCO 






rigid in-process testing assures you unvarying quality . . 
quality necessary to design and fabricate more minute 
parts and components for top performance. 










POLYPENCO Fluorocarbon TFE Thin Wail Sleeving in 
—e ~ Ry AEF switch eS a a4 in 






ELECTRONIC PARTS 


FLUOROCARBON TFE 
ASSURES SUPERIOR PERFORMANCE 


With increased emphasis on the miniaturization of electronic 
systems, Fluorocarbon TFE tape and thin wall sleeving are being 
subjected to more severe requirements than ever before. Uniform 
density and controlled properties in thin-walled sections are of 
major importance. That’s why POLYPENCO Fluorocarbon TFE 
is being used so widely in the electronics field today. Polypenco’s 
. the 





eda) 


i 
From CONTROL plus to CONTROL modest 





The Cambridge range of controllers extends from 4-inch dial 
thermometers with control contacts to comprehensive process- 


programme controllers for the co-ordination of series of operations. 





Applications TEMPERATURE 
PRESSURE - HUMIDITY - pH 
CONDUCTIVITY . GAS COMPOSITION 
CALORIFIC VALUE OF GASES 


Types Non-indicating - 
Recording 


Indicating 


Signal Transfer Medium ELECTRIC 
PNEUMATIC HYDRAULIC 


Control Modes 
ON-OFF (Single & Multipoint) 
FLOATING 
PROPORTIONAL (adjustable 
between 5%, and 600%) 





(GARZA contTRoLters 


INSTRUMENT COMPANY LIMITED, 





Aircraft high 











terminal wrapper. 
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FLUOROCARBON TFE Outstanding 


Properties 
ielectric Constant ..........- 2.0 
Power Factor ...........+ 0.0005 
Dissipation Factor ...... 0.0002 
Dielectric Strength, Volts -_, 


3 Volume Resistivity...1025ohm-cm 
Surface Resistivity 100% R; R. in 


Water absorption ......... 
Fungus Resistance ... 
Services entire freque 
Arc Resistance—Good, leaves no 
carbon path regardless of time 
of exposure 


POLYPENCO LTD. 


13 GROSVENOR PLACE, 


Measuring Elements MECHANICAL 
THERMOMETERS - THERMOCOUPLES 
RESISTANCE THERMOMETERS 
RADIATION PYROMETERS 


PRESSURE ELEMENTS (Bourdon 
Tube; Diaphragm Types; Trans- 
ducers) 

HUMIDITY (Goldbeaters’ Skin; Wet 


& Dry Bulb—Mechanical; Wet & 
Dry Bulb—resistance thermometers) 


pH (Glass Electrodes—Submersible 
or Continuous Flow) 


CONDUCTIVITY ELECTRODES 
GAS KATHAROMETERS 





LONDON, S.W.I 





POLYPENCO 


voltage pulse transformer 
Flusrecarbon TFE Tape tneulation for interlayer case lining and 





STOCK SHAPES READILY 


AVAILABLE 


POLYPENCO Fluorocarbon TFE rod, tubing 
and sheets are available in a wide “rhe 
of sizes. POLYPENCO Fluorocarbon 
Tape and Thin Wall Sonnas coal ae 2 
10 fade-proof colours for cones. T 

Wall Sleeving is available in 26 G on 
from No. ‘to 0, World-wide stocking 
and- service points assure prompt delivery. 
The name of your nearest representative is 
immediately available upon request. 


FABRICATING SERVICE 


Custom fabricated parts are available, en- 
gineered for the best in design, quality and 
tolerance. 


Write for latest data and bulletins. 


A.R.B. & A.l.D. approved. 


68/70 Tewin Rd., Welwyn Garden City, HERTFORDSHIRE 








Tel. Welwyn Garden 5581-2-3 
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In almost every industrial process there is some 
stage where manpower could be cut by the applica- 
tion of fluid power. It is here that our labour can 
prove so labour-saving, since the whole weight of the 
Baldwin Fluid Power Division is directed at cutting 
waste manpower and speeding production. 


BALDWIN TECHNICAL REPRESENTATIVES 
cover the British Isles. They are experienced fluid 
power engineers, who will quickly show you how to 
harness waste or under-used power by fitting Baldwin 
equipment which, because of its unit construction, 
can be supplied from stock quickly. 


Write now for the Fluid Power Catalogue C/503 


SAVES YOURS! 


THE EXPERT BALDWIN DESIGN STAFF 


at Dartford will plan automation schemes for any 
operation or series of operations up to the largest 
automatic production lines. 


HIGHLY SKILLED MEN 

on the Baldwin shop floor devote their attention to 
producing the superb finish, reliability and precision 
that characterises Baldwin Fluid Power equip- 
ment. There is a standard range of 384 pneumatic 
and hydraulic cylinders and over 700 control valves. 


We have long found that the best way to success is 
to give the best service. At every level, our man- 
power is aimed at increasing production for industry 
—and for Baldwin too, of course! 


Baldwin Industrial Controls 


sie ond i: Baldwin Instrument Company Limited - Dartford - Kent 


Telephone Dartford 20948 & 26411 - Cabies & Telex Baldwin Dartford 
s. 


A HARPER GROUP COMPANY 
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Measure Relative Humidity in Seconds 


WITH THE BATTERY *OPERATED 


~ Hygrophil 


This unique psychrometer employs a 
minute germanium based thermo- 
sensitive element which gives 

accurate and consistent results to 
05%. Lightweight and portable, the 
fast response of the HYGROPHIL 
enables rapid cross-sectional valua- 
tions of entire rooms. 


Three scale ranges are incorporated, 
covering temperatures from + 10 to 
+ 176°F. A conventional curve diagram 
delivered with the unit permits 
immediate interpolation of readings. 


* A clockwork driven unit is available for use 
where flameproof equipment is desirable. 


Full information 
senton request HEADLAND ENGINEERING DEVELIOPMENTS LTD. 


45-46 LOWER MARSH, LONDON, S.E.1. Telephone: WATerloo 7752/3 


‘DIAMOND H’ 


SERIES B.R. & B.S. 


4 POLE DOUBLE THROW RE LAYS 


CONTACT Up to 10A 30V DC and 115V AC resistive also dry 
RATINGS: circuit and other special ratings on application. 


TEMPERA- SERIES BR — 65°C to + 200°C Max. 
TURE RANGE: SERIES BS — 65°C to + 125°C Max. 


VIBRATION & Up to 8000 CPS in excess of 20G'S 
SHOCK: Mechanical shock in excess of 1000G’S 


OPERATING Less than 1 to 50,0002 On type BS coils are 
COILS: separately sealed hermetically within the sealed case. 
WEIGHT : 4 ozs. Max. 


MOUNTINGS : 10 different mountings including plug in and screw and 
stud terminal block available. 


General Purpose Relays, Polarised Relays also available 


DIAMOND H’ SWITCHES LIMITED. 
GUNNERSBURY AVENUE. CHISWICK, LONDON, w.4. 


Telephone: Chiswick 6444 Grams: Diamonhart Chisk, London 
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WE BEND 
BACKWARDS: 


REGULARLY — sxaseve mao 


our customers satisfied!) 


Special and individual requirements are our particular speciality. And we go to great 
lengths (including bending over backwards) to see a job well done— 

and to see that our customers are happy! 

Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 100 
automatic control valves. People control water with them, gas with them, oil with them, 
steam with them and a host of other industrial liquids and gases too! Mushrooms are 
grown with them, jam is made with them and ships cargoes are frozen with them! 

You’ll find that expert consultation and advice cost you absolutely nothing at MVC. Our 
full experience is at your disposal. Many times, what has first appeared to be impossible 
has been achieved! Why not write now for our new comprehensive catalogue No. 28 
which contains full details of our complete range! 


1S THE REGISTERED TRADE MARK OF THE MAGNETIC VALVE COMPANY LTD. 


The Magnetic Valve Company Ltd 


4 7 KENDALL PLACE - BAKER STREET - LONDON > W.1. HUNTER 1801 
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MAKE YOUR OWN 
SIGNS AND LABELS 


on the premises 


... AND SAVE TIME AND MONEY 


raya 9°6 KILOWATTS 
sncnavine ; | foc KU 


MACHINE 


By using a Gravograph machine you can cut your overhead 
costs by engraving your own signs for all your departments 
on the premises—any size—on any material, such as metal, 


plastic and glass. No previous experience is necessary. This bridge, which provides 30 amps at 188 
Anyone on your staff, if they can write, can engrave—it's . 
as easy as that. volts, costs £18.13.0d. and is an example of the 


The Gravograph does not only save time—it will pay for attractively priced rectifiers in our range. 
itself. 


Phone or write for a free demonstration on your premises. | We can supply 10 amp and 50 amp cells with 
maximum p.i.v. up to 400 volts ex stock, and 
stack assemblies of them in all the usual con- 
nections. The small losses in these modern 
devices permit rectification efficiencies well in 
excess of 99%. May we send you details 
and prices ? 


IMustrated is MODEL IMM 


J. STONE & GO. (DEPTFORD) LTD. 


Descriptive literature and models to suit special | ARKLOW ROAD LONDON S.E.14 


full details from requirements. 
ESTABLISHED 1/831 


. f i ‘5 © | S a i D Full information on request from 


i3 Charlotte St., London, W.lI, 


Langham 6171-2 





SEMICONDUCTOR DIVISION 
LOCATION I4 GATWICK ROAD CRAWLEY TEL: 25251 
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THE WORLD'S FINEST SYSTEM FOR 
AUTOMATIC PLANT MEASUREMENT AND CONTROL 


60%-70% of Computer Time Free for OF F-Line Work. 
On-line operations rarely demand more than 30%. 
Automatic Programme Modification—while machine is still 
running, and without disturbing remaining programme or stored information. 
Monitoring of Process Variables. 
Automatically records and audibly signals all off-normals. 
Fast Arithmetic. Special unit operates on all process data in 2.8 milliseconds 
—even for square roots, a tedious operation in other computers. 
Continuous Logging of Process Inputs— with all off-normals clearly indicated in red. 
Computation of Plant Performance. Prints out results and gives 
alarm if performance falls short of estimated or calculated optimum. 
unique Automatic Plant Control. 
dvent Automatically re-sets individual control loops to the optimum level. 
advantages Analogue- Digital Conversion—and vice versa. 
* “Routine” Changes Without Interrupting Operation of System. 
The number of index registers for this purpose (most computers 


have very few) is almost unlimited. Programming of extremely complex 
problems is thus enormously simplified. 


offers | 


The use of solid-state components throughout plus continuous 

self-checking routines and fail-safe circuits make the Paneilit 1.S.!. 609 

System the finest in the world and the ultimate choice of every discerning engineer. 

Our specialists will be pleased to call on you to discuss its application to your own work. 


PANELLIT LIMITED 


ELSTREE WAY, BOREHAMWOOD, HERTS ELStree 2040 


ZB. MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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ELECTRONIC CONTROL ENGINEERING LIMITED announce their 




































































ELECTRO PRODUCTS 
LABORATORIES INC. 
CHICAGO 


ELECTRO 
MAGNETIC PICKUPS 
WHAT THEY ARE ....2 sor-gencrating 


frequency source providing the connecting 
link between mechanical motion and 
instrumentation. 


WHAT THEY DO ses without contact, 


pickups generate frequency /voltage 
proportional to speed of any ferrous metal 
objects interrupting their magnetic fields. 


1 of 1000's of applications. Wide variety of 
stock models for immediate delivery. Unlimited 
variations available on special orders. 











Makers of 
Precision Electronic 


Instruments 





United Kingdom Representative . .. 


For most any Measuring RPM 


application . . . hs 
Sizes as small 

as 4" dia. x 1" 

long .. . Weights 

from .2 oz.... 
Operating 
temperatures 

up to 800° F. 





Write for data file 58.084 






Consultancy, Design and Development services 
and Manufacturing facilities in the fields of:- 





CONTROL SYSTEMS 
including Servo Electronics and 

Special Purpose Analogue Computers 
AUTOMATIC TEST EQUIPMENT 

for production testing 

INSTRUMENTS AND INSTRUMENTATION 


eGe 


also 

UNITED KINGDOM AGENTS 
for the following 

American Companies:- 


Acton Laboratories, inc., Mass. 
Beattie-Coleman inc. Calif. 
Computer-Measurements, Corp., Calif. 
Nuclear-Electronics, Corp., Pa. 
Sanders Associates, inc., New Hamp. 
Tel-instrument Co., Inc., New York 
Stromberg-Carison Co., New York 
Head Office :- Engineered Electronics Co., Calif. 


ELECTRONIC CONTROL ENGINEERING LIMITED 
Robor Works, Sydney Road, Haywards Heath (Tel: 2145) Sussex 
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00 


Hl) -+- that ‘Datapacs’ are a range of transistorised logical 


elements from which control systems can 


be built up for all forms of 
Telemetry 
Data Handling and 
Data Logging 


... that these systems can be extended or modified 
to meet requirements 


-.. that easy maintenance, minimum equipment and 
reliability are inherent features provided 
by these units 


~RVET SY 5 , YTD 17 
PALA LaALe W 
ye! aon a 48A8U | 


The ENGLISH ELECTRIC Company Ltd. data processing 


English Electric House, Strand, London, W.C.2 


Data Processing and Control Systems Division, 
Kidsgrove, Stoke-on-Trent, Staffs. 
EDC. 27 Telephone: Kidsgrove 2141/3 


CONTROL November 1960 Circle No 150 on reply card for further details 















Circle No 151 on reply card for further details 


The sixth 
sense in 
electronics 





€ Visual indication is the only swift 
and foolproof method of detecting 
faults which may develop in elec- 
tronic gear. We, at Page Engineering Co., have designed and perfected a number 
of visual centralised warning systems adaptable to any electrical and/or electronic 
circuit. Remember, for standardised electrical components for aviation and. industrial 
use or for expert consultation on your particular problem, contact Page Engineering. 
For a copy of our catalogue, just write your name on your company letter-heading 
& and send to: 


~- BA ef PAGE ENGINEERING CO. (SUNBURY-ON-THAMES) LTD. 









Pages Works, Forge Lane, Green Street, Sunbury-on-Thames, Middlesex 
Telephone : Sunbury-on-Thames 4242 (3 lines) 





WORLD FAMOUS FRACTIONAL 
HORSE-POWER GEARED MOTORS 





































e SERIES WOUND GEARED SHADED-POLE INDUCTION 
i MOTOR—Type ‘K’ GEARED MOTOR—Type ‘FA’ 
: R.P.M. - TORQUE R.P.M. — TORQUE R.P.M. — TORQUE ; R.P.M. — TORQUE 
i 100z.in. | 37.5 41bin, 216 «= 4oz. in. | 13.5 2402. in. 
' 300 1602. in. | 25 4 Ib. in. 108 =©7 oz. in. 9 Woz.in. 
5 150 2402.in.| 18.8 4 1b. in. $4 0oz.in.| 6.7 35o0z.in. 
; 100 32o0z.in.| 12.5 41d. in. 360= 112. oz. in. 4.5 44072. in. 
t 75 3602.in.| 94 41d. in. 27 1So0z.in.} 3.35 3 1b. in. 
§ Output-shaft has 12 50 3 1b.m.| 6.25 4 1b, in. 18 2ozin.! 2.25 4 Ib. in. 
i positions. 





Integral Wormgear 
Reduction. 


Ventilated — Drip 


Proof. 










VARIABLE SPEED GEARED 
MOTOR—Type ‘KQ’ 


CAPACITOR INDUCTION 
GEARED MOTOR—Type ‘N’ 
































R.P.M TORQUE | R.P.M. = TORQUE R.P.M.- TORQUE | R.P.M. - TORQUE 
Vacuum Impreg- | 


nated Windings. 
















200-600 9oz.in. | 12-37.5 4 Ib. in. 456 8oz.in.| 28.5 3 1b. in. 

Dynamically bal- 100-300 160z.in. | 8-22 4 1b. in. 228 130z.in.| 19 41d. in. 
en eee 50-150 200z.in. | 616.5 4 Ib. in. 114 2tozin. | 142 41b.in. 
32-100 320z.in.| 411 4 1b, in, 16 2%oz.in.| 9.5 4b. in. 

25- 75 4002. in. | 3- 8.25 4b. in $7 32oz.in.| 7.1 4 1b, in. 

16 50 480z.in.| 2- 5.5 4 1b. in, 38 44oz.in.| 4.75 4 1b. in. 





CITENCO LIMITED 










(Dept. C58) 
MANOR WAY - BOREHAM WOOD - HERTS - ENGLAND 
Telegrams; Citenco Borehamwood. Telephone: Elstree 3666-78 
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» HYDRAULIC ¢ PNEUMATIC 


uw ©6(REREaTS 


CONTROL 


ADVANTAGES. 
Simplicity and Economy. 
Minimum of Piping. 

No Performance deterioranon 
through dirty fluid. 


Suitable tor high or low temperature. 


NOTE - 


7 STEERING GEAR 
SHAFT OR CHAIN DRIVE TO STEERING 
WHEEL AS PREFERRED BY SHIPYARD CLUTCH CONTROL 
/ GB ACTUATOR THROTTLE CONTROL 
=— FIXED PIVOT 
. BULKHEAD DOORS 
\e 7 THRUST GB avo.» 

es , VARIABLE PITCH PROPELLORS 
v — PUMP TANK 


UNIT 
MARINE STEERING GEAR motor priven VALVE CONTROLS 


POWER STEERING 
MOBILE 
MACHINERY DEPTH CONTROLS 
LEVEL CONTROL 
TILT CONTROL 
LIFT CONTROL 


H.P. Actuators have been successfully applied to the following industries: Our Specialist Team of Control 
Atomic Submarines, Power Stations,. Control of Water. Turbines, 


Engineers will be pleased to 
Control in Steel Works, Control of Packaging, Woodworking and advise on all applications. 
Textile Machinery, etc. 


HYDRAULICS & PNEUMATICS 


LIMITED. 
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INSTRUMENTATION A LUT, 
X-Y recorder 


NUCLEAR CHEMICAL ELECTRONIC 





Quick delivery 

Price £395 

Unconditionally guaranteed 
for one year 


The HR-92 is a null-seeking servo-type plotter 
designed to draw curves in Cartesian coordin- 
ates on standard 8} <x 11 graph paper. It 
employs conventional chopper amplifiers, 2- 
phase motors and a potentiometer rebalance. 
Reference voltages are furnished by mercury 
cells. Control panel has zero set and continu- 
ously-variable attenuator for each axis. 
Separate standby and power switches are 
provided. The two axes are electrically and 
mechanically independent. By moving an in- 
ternal jumper lead, a high impedance poten- 
tiometer input can be made available. 


Limit of error better than 0.5% Sensitivity— ° 
either 10 mV per inch or 1 mV per inch. Speed 
AUTOMATIC CONTROL OF of response—7.5 inches per sec. Critically 
damped. Non-clogging pen—interchangeable 
for multicolour traces. 


pH NEUTRALISATION OF EFFLUENT 


In use by many leading industrial, academic and 
research organisations in Britain and U.S.A. 
RAPID CONTINUOUS DETOXICATION 


OF TRADE WASTE CONTAINING 
CYANIDE AND CHROMATE | I 


5 
—_ 
coll 


A. M. Lock & CO LTD ‘SCIENTIFIC FURNISHINGS LTD 


POYNTON CHESHIRE 
Telephone: MAin 6744 Telephone: Poynton 2815/2776 
Sa ae For more information use Enquiry Form CP Ref. 3586 
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ROD’ DUPLEX 


GRAPHIC RECORDING INSTRUMENTS 


Built to the same high standards and with the 
same outstanding performance as the single Graphic Recorder, 
Note the extremely compact space-saving layout. 
Movements—high sensitivity, quick response. 
Pen arms and Pens—capillary action. 
Ink Troughs—almost unspillable. 
Chart Mechanism—withdrawable for changing charts. 
Scaleplate and Carrier. 


Send for further details. 


Lid THE RECORD ELECTRICAL CO. LTD. 


emi-1 “CIRSCALE WORKS,” BROADHEATH, ALTRINCHAM, CHESHIRE 
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NOT 
IN 
THIS 
CASE! 


There are many ways "of packing sensitive 

engineering items, from radio valves to large 
engineering assemblies but there is only one satisfactory 

method — scientific packing by EXPORT PACKING 
SERVICE. EPS ensure safe storage and safe arrival, thus 
reducing customer complaints and cutting costs. 


Er E.P.S. SCIENTIFICALLY SOLVE YOUR 
PACKING PROBLEMS 


may, EXPORT PACKING SERVICE LTD 
i rs] E IMPERIAL BUILDING, 56 KINGSWAY, LONDON, W.C.2 
uf Tel: CHAncery 5121-3 Grams: EXPAC WESTCENT LONDON 


Works at Sitting bourne and Chipping Warden near Banbury 


EGU 


The Isenthal Automatic Regulator 
type “N.C.” is probably the most 
completely versatile control unit 
obtainable. There are types available 
for regulating all sizes of generating 
or processing equipment to satisfy a 
variety of conditions, either auto- 
matically, or as part of user’s 
control system. 

The “‘N.C.” Regulator is simple to 
operate and adjust, and requires the 
minimum of maintenance. It may 
well be the answer to your auto- 
matic process control problem. Our 
engineers are at your service to dis- 
cuss your problem with you and are 
ready to call at your request. 


Please send for illustrated descriptive leaflets. 
Isenthal & Co. Ltd., Ducon Works, Victoria Road, North Acton, London, W.3. Tel. ACOrn 3904. Grams: Isenthal, London, 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de ses produits. Dans le cas ob 
oous désireriez de plus amples 
renseignements 4 ce sujet, veuilles 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
dernitre 4 CONTROL 


AUSKUNFTSDIENST FOR 
LESER 

Ba iat oft schwierig far Inserenten 
alle techniachen inzelheiten 
ther ihre Produkte in einem 


und senden Sie sie an CONTROL 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

F’ talvolia difficile all’inser- 
sionista di indicare in uno 
spazio ristretto tutti i particolari 


favorite segnare il numero 
eppropriato sul cartellino qui 
accanto ed inviare quest’ ultimo a 
CONTROL 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en wun 
espacio limitado todos los detalles 
ldcnicos sobre sus productos. Si 
desea ulterior informacién, 
marque los ndmeros apropiados 
en la tarjeta opuesta y mdndela a 


MHDS. 


BMG Ln AMHRS 

4-230 aw Attn 

HALE how ad 
RAR LER arg eay 
KAR IRORH KR-BE 
RST 4 tid t-RE 
PEASRINEHT, 


BAY-e2 
REDOOMEX BRD 
AMywa WHHL 2M LEA 
9THi< aga o-F Ome 
Reece ota 
Rawls aTKE AL: 


ss heaheahariesheaie eaten ate elneeananateteteteetataetatetetetatetetatateteteted 3 
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ADVERTISEMENTS 
I 2 3 4 5 6 7 8 
i ae 8 i a a oe 
21 22 23 24 #25 #2 27 28 
oa ae ae eae eee 
41 42 43 44 45 4 47 «#48 
3.828 SBH SS S&S FP 
61 62 63 64 65 66 67 68 
we ome ee ee Be Re 
8! 82 83 84 85 8 87 88 
7. oe Oe ee ee 
10} 102 103 104 105 106 107 108 
Wit 112 113) 114 TIS 116 «+117 «118 
121 122 123 124 #125 #126 #127 «#128 
131 132 133 134 135 136 137 138 
141 142 143 144 145 146 147 148 
15} 152 153 184 155 156 157 158 
161 162 163 164 165 166 167 168 
171 172 #173 174 +175 «176 #177 «#178 
181 182 183 164 #185 186 187 188 
191 192 193 194 195 196 197 198 
NEW PRODUCTS & TECHNICAL LITERATURE 
Sil 512 513 Si4 SIS S16 517 518 
$21 522 523 524 525 526 527 528 
531 532 533 534 535 536 537 538 
S41 542 543 544 545 546 547 548 
551 552 553 554 555 556 557 558 
BOOKS 
701 702 703 704 705 706 707 708 
SURVEY 
481 482 483 484 485 486 487 488 
491 492 493 494 495 496 497 498 
$01 502 S03 504 SOS 506 507 508 


ADVERTISEMENTS 
Oe ee ee a RS oe 
8. AR ae Be SE 
2B A Bn BZD 
30632 Ul USB 
41 42 43 44 «45 4% «647 «648 
323 4M SS 6 ST SS 
61 62 63 64 65 66 67 6&8 
71 72 73 #74 «TS 1% 7 78 
si 82 83 84 85 86 87 88 
ao 2 8. Se 
101 102 103 104 105 106 107 108 
Wit 112 113 114 01S 116 «117 «118 
121 122 123 124 125 126 127 128 
131 132 133 134 135 136 137 138 
141 142 143 144 145 146 147 148 
151 152 153 154 155 156 157 158 
161 162 163 164 165 166 167 168 
171 172 173 174 175 176 177 «178 
18] 182 163 184 185 186 187 188 
191 192 193 194 195 196 197 198 
PRODUCTS & TECHNICAL LITERATURE 
S11 512 513 514 SIS 516 SI7 518 
521 522 523 524 525 526 527 528 
531 532 533 534 535 536 537 538 
541 542 543 544 545 546 547 548 
551 552 553 554 SSS 556 557 558 
701 702 703 704 705 706 707 708 
SURVEY 
481 482 483 484 485 486 487 488 
491 492 493 494 495 496 497 498 
501 502 503 504 S05 506 507 508 
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ADVERTISEMENTS 
1 2 3 4 5 6 7 8 
ee ee Oe: eee: ee ae 
: 2 ae ae eo ae a 
3H 2BHs HM SH HM HT 
41 42 43 44 #45 4 #47 «#48 
323 4 SH 6B DF SS 
61 62 63 64 65 66 67 68 
7. ee eee oe ee ae 
81 82 83 8 85 8 387 88 
eee: ee Ce. ee 
tor 102 103 104 105 106 107 108 
Hit $32 113) «114 «TIS 116 «TF «18 
121 122 123 «124 #125 #126 «#127 «#128 
131 132 «#133 «134 «135 «#4136 «#4137 «138 
141 142 143 144 145 146 147 148 
15? 152 153 154 155 156 157 158 
161 162 163 164 165 166 167 168 
171 172 173 «174 «175 «176 «+177 «178 
ter) 6189) «©6982 RS TMS RK RF ORR 
191 192 193 194 195 196 197 198 
NEW PRODUCTS & TECHNICAL LITERATURE 
Sit S12 S13 S14 SIS 5Si6 517 518 
$21 522 523 524 525 526 527 528 
$31 532 533 534 535 536 537 538 
541 S42 543 544 545 546 547 548 
551 552 553 S54 S55 556 557 S58 
BOOKS 
701 702 703 704 705 706 707 708 
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If you would like further information about any advertise 
ment or editorial item, simply circle the appropriate numbers 
on this card and mail to CONTROL. 
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If you would like further information about any advertise- 
ment or editorial item, simply circle the appropriate numbers 
on this card and mail to CONTROL. 
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NAME OF BUSINESS 


Uae 


ADDRESS 


ee 


a 


POSITION HELD 
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NATURE OF BUSINESS > 
Seep eapecastiaaemenneaiet aie dees ee a 




































Postage 
will be 
paid by 
Control 


Postage 
will be 
paid by 
Control 


Business Reply Folder Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W1 

England 


Business Reply Folder Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W1 

England 


Business Reply Folder Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W1 

England 


No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 

Ireland 


No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 





No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 
















WHAT SMITHS MEANS TO INDUSTRY 
IN TERMS OF 


“REMOTE. 
INDICATION 


In terms of remote indication, the name SMITHS means 
a vast and comprehensive range of instruments of “‘stand- 
anything, go-anywhere” robustness. 

For example:— 








Fluid Level 


Force SMITHS “DESYNN” SYSTEM OF 
REMOTE INDICATION 
is a simple, robust and extremely accurate method of transmitting to 
a remote observation point such functional information as Angular 
Position, Fluid Level, Force, Linear Position, Differential Pressure 
and Pressure. 
* Operates from either 12 or 24 volt D.C. supplies 


Eteess Viuititen * Flameproof and watertight versions available 


* Two or three Indicators can operate from one Transmitter 
, * Single or Multi-Channel Recorders are also available for use 
with this system 
A POINT WORTH NOTING 
All Smiths Instruments 
are backed by a comprehensive 
after-sales service 


Differential Pressure 













Atypical 4” watertight 
square flange mounting 
‘Desynn’ indicator with a 
novel form of 

prismatic illumination 










Pressure 


The industrial business of 
Please write for INDUSTRIAL DIVISION S. Smith & Sons (England) Ltd., 
leaflet X.41 including the marketing of 


industrial products under 






the trade marks of 


amas Chronos Works, North Circular Road, London NW2 Phone:GLA1136 Smiths and Kelvin Hughes 
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COMMON COMMON 
BASE EMITTER COLLECTOR 
Bridge circuits, voltage doubler circuits, tripler and full-wave 
circuits can be used in the H/T secondary. 















































y~ 
Type Power Y 
T/3B6/300/2T ... 25 : 
T/SB6/300/2T ...  S-I5 
T/SAC6/300/2T ... 15-45 
T/3B12/300/2T ... 2-5 
T/5B12/300/2T ... 5-15 
T/SAC12/300/2T ... 15-45 
T/25C12/300/2T ... 45-75 
T/3B24/300/2T ... 245 
T/5B24/300/2T ... 5-15 
T/5AC24/300/2T ... 15-45 
T/25C24/300/2T ... 45-75 Vel: 
T/6AD24/300/2T ... 75-120 
T/26D24/300/2T ... 120-150 a 





DC - DC converters 

















%& Smaller 
24" x24" x 34” 


%& More efficient 
845%, at 30W 


% Less noise 
% Less ripple 
% Better made 
















































i 
Tyre] 386 | $86 [Sach] 30 
inputs Volts | * |e |«i|n_ 
[Max wats | s | [es] s | 3 
[st Pre 







Manufacturers Terms on Application 
TOROID DIVISION 

















196 Circle No 160 on reply card for further details 









for semi conductor circuits 





ae eae 
retell =|»|m 


The use of AVEL TOROIDS gives 
higher efficiency in DC-DC Converters. 
Wide bandwidth and HCR alloy core 
ensures fast switching (approx. 3 
microsecs.) with negligible overshoot 
yielding efficiencies of 75-92% overall. 


[ela 


2BA 
Min. Clear. 
ps 2 tay. 















Built in aluminium castings, with 


fire-glass insulation, silicon rectifiers 
and tropical rating components 
throughout, these converters achieve 
peak performance at modest cost by 
good design—and are available on 
short delivery in skeleton form (left) 
or in screening cases with complete 
protection for use as replacements for 
generators and vibrator packs. 


Standard types give 300 volts DC 
output with taps for 250 and 200 volts. 







75 
£12 4s.) £11 |€ll 8s.) £12 Ss. }£1214s. 


Aweley Electric Limited 
SOUTH OCKENDON, ESSEX 
Telephone: South Ockendon 3444 

Telex : 24120 Avel Ockendon 
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Experienced engineers at HML 
are always ready to get to grips 
with problems arising from the 

design requirements of 

modern hydraulic systems. You'll 
find HML Ministry approved units 
and components used and relied 
upon wherever high standards 

of performance are required. 





All types of special hydraulic test 
equipment built to users’ own re- 
quirements. The unit shown above 
was supplied to a large aircraft 
company. 


Che 
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HML (ENGINEERING) LTD. 


Head Office: 466-490 Edgware Road, London, W.2 
Harpers Yard, St. John’s Road, Isleworth, Middlesex 


HML VARIABLE PRESSURE 
REDUCER VALVE 

The only pressure reducing valve on the market today 

that will maintain set reduced pressure under varying 

pressure and flow conditions. Pressure range 0-5000 

p.s.i. Flow range 0-10 g.p.m. 


wer ses Ve Sere 


HML EQUIPMENT 
INCLUDES: 


Pulsometer Pump Test 
Unit; High-pressure Fil- 
ters; Hydraulic Propeller 
Test Benches; Autostatic 
Hydraulic Power Pack; 
Universal Hydraulic Tyre 
Remover; Aircraft Pump 
and Hydraulic Motor Test 
Rig; Air Bleed Turbines 
for Starting and Pressure 


Testing; Valves; Brake 
Test Unit; Tensioning 
Test Unit; High-speed 


Gear Boxes; High-pres- 
sure Accumulators; Hy- 
drostatic Rig (Single and 
Double Acting); Univer- 
sal Hydraulic Test Rigs 
Mk. Il, Mk. Ill and Mk. IV 
(Diesel or Electric 
Powered ) 


















HML AUTOMATIC GAUGE 
ISOLATOR 


Protects Gauges from sudden surges beyond their 
capacity. The adjusting screw is set to isolate at 
90%, of the gauge full scale reading. Fit a number 
of pressure gauges together with their appro- 
priate isolators and obtain a very accurate indi- 
cation of pressure throughout the entire system. 


AIRCRAFT DIVISION 


Tel: ISLeworth 3011 
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ee 3 AIRCRAFT 3€ RADIO 
: 3€ COMMUNICATIONS 2 RAILWAYS 
ron um 3% ELECTRICAL 3 MOTOR CARS 


[ as hs EQUIPMENT  3¢ COMPUTORS 


3€ TEXTILES 3% BUILDING 


and a host of subsidiary industries 
















MICA 


In all grades, in cut pieces or 
precision stamped to ultra 
close tolerances. Valve bridges. 
Lamp baffle plates. Capacitor 
micas. Heater elements 
(wound and tagged), washers, 
strips. 

















LAMINATES = 
In sheets, rodsand tubes. <> 

In all commercial and y 

type approved grades 
of paper and cotton 
base. Extensive 
stocks allow for 











































immediate 
delivery in most 
cases. Also 
CONTAINERS The well known supplied in strips 
Delanco vulcanized fibre contain- and panels to 
ers have a place in practically close tolerances. 
every industry. Made to your own Copper clad 
specification or supplied as types laminates for the 





developed for special purposes. 
Ask for Delanco 
container catalogue. 
a2 


Radio industry. 





VULCANIZED FIBRE & LEATHEROID 
























Delanco Vulcanized fibre 
High heat is used extensively 
components moulded to spec. throughout the electrical 
with or without inserts. In industry, and in 


materials to withstand 
working temperatures of 250°c. 
Send for Technical Folder. 


mechanical engineering. 
Supplied in sheets 

up to 2” thick down to 
.004”. Is also supplied in 
continuous coil or strip, 


| Saat 
and can also be supplied S35 
in the form of components, 


pressed, formed, or ‘a 
drilled, machine turned wr g) 
or routed. , 


> 
Li 





















MACHINED COMPONENTS 
In all Delanco materials, 
Bakelite Vulcanized 
Fibres, Leatheroid, Glass 
Fibre, Ebonite, Press- 
pahn. All tools made in 




























our own modern and BAKELITE TUBE 
extensive tool rooms, Delanco Bakelite tube, 
from up to the minute paper or cotton base is 
equipment. used in all industries, 


munications field. 
Square and rec 
In 48” lengths, or cut 
to spec, and can be 
pierced “eee om 
grooved. Su 

gloss finish ap tion 
to standard finish, can 
be supplied. 


Anglo-American Vulcanized Fibre Go. Ltd 


CAYTON WORKS BATH STREET LONDON €E.C.1. cre 8484 Grams; PROMPSERV CENT, LONDON 
DELANCO WORKS * LEONARD STREET * LONDON €E.C.2 


VULCANIZED FIBRE - LAMINATED BAKELITE - LEATHEROID - MICA + COMPOSITE INSULATIONS ~- EBONITE - PRESSBOARD 
PRESSPAHN - CLOTHS, TAPES AND SLEEVINGS - PRESSED, TURNED AND MACHINED COMPONENTS 
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PACKAGED SERVO SYSTEMS 
FOR INDUSTRY 


Suitable for 
REMOTE INDICATION 
POSITION SERVOS 


FOLLOW-UP SYSTEMS 





Illustrated is a typical Pullin Packaged Servo suitable for operation 
on 50 or 400 c/s. The unit contains a Synchro, a Motor Generator, 
a Servo Amplifier and a Gear Box. The output can be an angular 
indication in analogue or digital form, a shaft drive or arranged 
to suit any particular application. 

Pullin can now provide large or small Packaged Servo Systems 
operating from 50 c/s or 400 c/s supplies, or the Servo Components 
can be supplied separately and a fully operative Control Systems 
Division with specialist services is able to advise on your problem. 
Contact Pullin —‘‘the Servo people’’— for further details or come 
and see a selection of Servo Components on Stand 253, S.B.A.C. 


Exhibition. 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS GREAT WEST ROAD -: BRENTFORD - MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 


td 








BOARD 
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AUTOMATIC BUNKER 
LEVEL CONTROL 


MAIHAK 


The Maihak Bunker Level 
Indicator automatically controls 
the filling level of fine and coarse 
grained bulk mass such as coal, 
coal dust, grain, plant husks, saw- 
dust, soap flakes, dried milk, etc. 
The Indicator can be fitted with 
either acoustic or visual signal 
equipment and the Maihak switch 
on the paddle operates, if required, 
the control pump or conveyor 
carrying the material to the 
Bunker. 
Complete details available from 
Sole Sales and Service 


Representatives in 
MAIHAK 


Gt. Britain and Ireland. 


SMAIL SONS & CO. LTD. 


21/23 INDIA STREET, GLASGOW, C.3 
Telephone: CiTy 3301 Telegrams: ‘*STEAM’’ GLASGOW 
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Apply ELECTROLUBE lubricants to 
all SWITCH CONTACTS and 
BEARING SURFACES of turret 
tuners, plugs and sockets, controls, 
gram motors, tape recorders etc. 
ELECTROLUBE lubricants are a 
British discovery—a scientific pre- 


paration—not “ just another switch 
cleaner”. 


ELECTROLUBE lubricants stay effec- 
tive for months. 


Make a 
contact & Electrolube 


BRAND 


with —— LUBRICANT 
ELECTROLUBE Brand No. 1 for 
light current applications, reduces 
fixed and relay contact resistance, 
stops audio interference, increases 
h.f. and Lf. gain by 3 dB etc. 


ELECTROLUBE Brand No. 2 for 
sparking contacts and heavier cur- 
rent duties, operates under difficult 
conditions, reduces wear on con- 
tactors 3 to 5 
times; increases 
life of battery 
motors 8 times. 


Available in New 
NYLON 
SNORKEL Container 


Supplied Only Through Your Wholesaler 
Electrolube and Snorkel are Registered Trade Marks of 
ELECTROLUBE LTD. 1/6, Berkeley Street, London, W.!. 
24 hour ANSAFONE service. Tel. HYDE Park 0501 (5 lines) 
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Size Range 
10 B.A. to 
§’ B.S.F. 


Satisfactorily meets 

the following require- 

ments: Corrosion Resis- 
tance, Non-Magnetic, Excellent 
Electrical Conductivity, High 
Tensile Strength up to 85 tons 

per sq. in. Prevents damage to sur- 
faces to be locked together, Made 
to Admiralty Signal and Radar Estab- 
lishment Spec. A.110000-Approved 
by RAE/RSP. 318 & RCL. 224. 


Supplied G.C.Q.. A.I.D. or A.R.B. Released 
Prices and Samples on request. 


Formerly marketed by 
DAVID POWIS & SONS LTD. 


THOMAS HADDON & STOKES LTD - DERITEND - BIRMINGHAM 12 
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High Torque! 


15 grm. cm. 


6" Contact-Making Indicator 


This exceptionally high torque instrument can be supplied for 
D.C. and A.C. rectifier operation, with high and low contacts 
(100mA, 50 volts D.C. or non-inductive A.C.). 

Full details from:— Electrical Measurement Division 
Elliott Brothers (London) Ltd 


EILIOTT Century Works, Lewisham, London SE13. 
Liked. Tel: TiDeway 1271 a 


CONTROL November 1960 





Circle No 168 on reply card for further details 


Circle No 169 on reply card for further details 


Problems? 


the most 
AHH 
WAIL: 
PTA Ce 
PUPA CAD 
TEMPERATURE 
HU a 
Tul: 
aA 





could Screen Printing 
solve them? 





& 


As Europe’s leading supply house we 





jetails ; : 
offer a complete service to industry. 


Our range of hand, semi- and fully 
automatic machines can handle any- 
.. | thing from transistors to 20 ft. banners. 
Our technicians will be pleased to 


discuss your problems. 


IMPORTANT 


We publish a regular bulletin to our 


| ie rt s5 a] ' p 1 ‘ i | industrial customers, giving details of 


the latest developments in Screen 





Printing. If you use, or are contem- 
plating using, Screen Printing please 


make certain that you are on our 


yr W a EY | mailing list. 


ts See s 
13. SCREEN PROCESS SUPPLIES LIMITED 
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The Flostat MINOR 
(Low Pressure) 


G. A. PLATON LTD. 


Self-acting flow controller 
(volume governor) for small 
gas flows at pressures 
between 1 and 10 p.s.i. 


Factory Calibrated to control 
the flow to within 2% of the 
desired rate irrespective of 
pressure changes. 


}” B.S.P. female connec ions, 
for in-line mounting. 


Flow Range: 0°1-100 c.f.h. Air. 
Price £6. 


This simple instrument 
requires no outside power 
supply, and needs no attention 
in service. 

For application to Burners 
where back pressure 
variations disturb the fuel 
gas-air ratio. 


323a Whitehorse Road, 
Croydon, Surrey. 


Telephone: THOrnton Heath 4948 
Telegrams: GAPMETER, Croydon 
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PENNY & GILES 


MUDEFORD 
TELEPHONE HIGHCLIFFE 2855 


D.G.I. AND A.R.B. APPROVED 


PRECISION 


CHRISTCHURCH 


it. 
SYNCHRO 
MOUNTINGS 


POTENTIOMETERS 


GENERAL DATA 
RESISTANCE RANGE 


100 ohms. to 100 K ohms. 


MECHANICAL RANGE 
360 degrees or with stops 


ELECTRICAL RANGE 
355 degrees or greater 


TORQUE 


0°025 oz. ins. to 0°25 oz. ins. 


Depending on Type 


All items have low inertia, precision 
ballraces, aluminium alloy cases and are 
suitable for operation over an ambient 


temperature range: minus 50°C 


to plus 


150°C. All Potentiometers are fitted 


with rear connections —either 
pins or captive leads. 


solder 


SINGLE AND MULTI-GANGED 


UNITS. 


WRITE FOR DATA SHEETS 


202 


SIZE 18 
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RELAY USERS 


g 


“ GORREX” 


TENSION GAUGES 


The only instrument 
solely designed for accur- 
ately measuring tension 
on Relays, Contacts, 
Switchgear, and electri- 
cal apparatus of all kinds. 
Gauge measures in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 
grammes. 

Swiss made and guaran- 
teed. 


Write for illustrations and prices from the 
Distributors throughout the U.K. 


JAMES W. CARR & CO. LTD. 


Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.! 
Telephone TERMINUS 8866 (P.B.X.) 
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THE 
ELECTRONIC INDUSTRIES 
SOLDERING TOOL 
FOR THE 
TRANSISTOR AGE etc. 


BIT 
ODEL 
(Cat. No. 70) 
PROTECTIVE 
SHIELD 
(Cat. No. 68) 


AIDCOLA, 


(Regd. rade Mark) 


ELECTRIC SOLDERING 
EQUIPMENT 


Manufactured in all Voit Ranges 
from 
6/7 to 230/50 Volt 
with elements 
Insulated from Earth 


A PRODUCT FOR 
PRODUCTION 
Designed for continual 
use on bench line assembly 


BRIT. FOREIGN PATS. AND 
REG. DESIGNS ETC. 
Standards approved in 
all leading countries 


Catalogues 

Head Office, Sales & Service 
ADCOLA Products Ltd 
GAUDEN ROAD 
CLAPHAM HIGH STREET 
LONDON sSW4 


Telephones 
MACaulay 3101 & 4272 
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Ardleigh 
Governors 


tails 



































































































2ent FOR CLOSE RELIABLE SPEED CONTROL 
cur- 
sion 
acts, 
ctri- 
nds. High quality, top performance governors for all 
® applications demanding accurate control of prime 
in movers. Built to high standards of precision and 
finish and capable of long, sustained performance 
arge with little or no maintenance. 
iced 
SERIES 300 Suitable for most applications in- 
000 cluding generator sets, marine propulsion and diesel 
electric traction. 
SERIES 400 Has an extremely high response rate Complete mechanisms can be preduced to 
ran- when subjected to very smal] speed changes. cae Fe eae from standard components 
° 2 y interchangeable gear ratios and 
SERIES 500 Load sensing governors for A.C. components bring HIGHLY COMPETITIVE PRICES 
generating sets. and quick delivery. Suitable for experimental 
SERIES 600 General purpose governors particu- prototype and production quantities. 
larly suitable for control of A.C.—D.C, generating Gears to Admiralty Class 1, zero backlash 
oan in all ratios using spring loaded split gears, 
. corrosion resistant throughout, ball bearings 
SERIES 700 Developed to fill the need for a small | friction tested, assembly work carried 
general purpose governor. out in dust-free conditions. 
Write for Bulletin No. 10 to 
. ARDLEIGH ENGINEERING LTD | RELIANCE Gear COMPANY LTD. 
| STANDARD IRONWORKS, PORT LANE, COLCHESTER St. Helens Gate, Almondbury, Huddersfield, Tel: 7762-3 
Telephone: COLCHESTER 73209 
il 0 % a He i; 
~_ ae ss Sere a 
‘ = 
s 
Pot 
c W E 4 | 0 N 8 
Bi 
©“ 
anges moving coil panel Instruments - 
¥ 
are now available x 
with SQUARE FRONTS ¥ 
Complementary to the existing ranges of round, 
R rectangular and edgewise instruments, this new series 
N has been introduced for use on equipment where 
ual ; 
ably square fronted instruments are preferred. 
ip AS 3 
AND PIE GREE Eee eS 
ic. 
in 3 sizes are available with flange dimensions 
ies of 2.25”, 3.187” and 4.50” square. 
For further particulurs including ranges, 
write for details of Models $.219, $.220, 
$.221 and S.236. 
ice 
td SANGAMO WESTON LIMITED 
REET ENFIELD, MIDDLESEX 
2 Tel : Enfield 3434 (6 lines) & 1242(6 lines) 
oe Grams: Sanwest, Enfield 
) i ORR Oa TR 
1960 CONTROL November 1960 Circle No 176 on reply card for further details 203 


Circle No 177 on reply card for further details 
VARIABLE INDUCTANCE LINEAR 


DISPLACEMENT TRANSDUCERS 


Available in 4 in. (as illustrated) 

4 in. and { in. diameters and strokes 
from .005 upwards using supply 
frequencies from 20,000 c.p.s. 


We also manufacture 

MINIATURE COILS 

self-bonding or with 
moulded bobbins 


Write for details: 


WYNSTRUMENTS LTD. 


STAVERTON AERODROME, GLOUCESTER, ENGLAND 
Phone: Churchdown 3264 (3 lines) Grams: ‘‘ Wynn Gloucester ”’ 
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CONTROL and Indication by the 


Designed to give accurate indication and stable control is capable of easy 

adjustment for various sizes of tanks, suitable for heavy or light liquids, 

simple and reliable in operation, low in air consumption, easy to install 
and maintain, and is reasonably priced. 


YOU MUST NOT OVERLOOK THIS 


Easy to 
Install 
By your 
OWN 


STAFF 


PATENT No. Woite circle inaicates vaive Positioner 
679503 


and black circle ARD Relay 


MEAD & PHASEY LTD. 


BROADWAY, BEXLEYHEATH, KENT 


PRINCES STREET 
Bexleyheath 2876 
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Mustration shows Roto- 
therm instruments mounted 
in control panel at —. 
Marmite Ltd., of Lond 


TEMPERATURE RECORDING 


Temperature Recorders with single or dual 
= pen for flush panel or wall mounting. 
Mercury-in-Steel actuation. Also Dial Thermo- 
meters for all process work. Bi-metal, mercury- 
in-steel or vapour pressure. Details on request. 


Rototherm 


THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, S.W.19. Phone: LiBerty 7. 0 lines 
Nottingham Factory: Hollis Street, New Basford. 7784 
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ANY SHIPPING PROBLEMS ? 
EXPORT & IMPORT 


FOR EXPERT TECHNICAL PACK- 
ING, SHIPPING, DOCUMENTATION 
AND INSURANCE, CONTACT: 


MERIDIAN SHIPPING & FORWARDING 
COMPANY LIMITED 


3, COPTHALL BUILDINGS, LONDON, E.C.2. 
Telephone: MOOrgate 9349 (2 lines) 


WE COLLECT, PACK AND SHIP 
FULL COMPREHENSIVE SERVICE 
FROM WORKS TO DESTINATION 


WE SPECIALISE IN ELECTRONICS . 


YOUR ENQUIRIES ARE INVITED 


CONTROL November 1960 
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ENDECOTTS 


TEST SIEVES 


For A ccuracy ! 


Ht INTERCHANGER # 


‘ENDROCK’ 
TEST SIEVE 
SHAKER 


TEST SIEVES 
B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 


We operate a Recovering Service 


Cons stent mechanical action — 
saves valuable time of skilled personnel 


ENDECOTTS (Fitters) LTD. Phone: LiBerty 8121/2/3 
Dept.E. Lombard Road, London, S.W.19. Grams: Endfilt, London 
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PRESET 


PRESET WIREWOUND RESISTOR 

52 to 12KQ Iw. at 100°C. 

Discrimination -35°,. 

Only one of our large range of standard components. 


Special types made to customers’ 
own requirements. 


Descriptive literature available free upon request. 


lustration actual size. 


ANCILLARY DEVELOP 


T 
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. . - we could tell you some of the 
problems we have solved for many 
major industrial concerns. 


But we must be discreet . . . as discreet as 
we'll be if given an opportunity to discuss 
some problem of remote control with you. 


Ait 
exible 


CF” SHAFTING 


REMOTE CONTROL 


Our technical handbook makes a very 
useful addition to a reference library. 
Write for copy to Dept. C. 


N THE S.S. WHITE DENTAL MFG. CO. (G.B.) LTD 
DiI eRe 


Britannia Works, St. Pancras Way, London, 
N.W.1 





DISPLAY ANNOUNCEMENT RATES:— 


LINEAGE ANNOUNCEMENT RATES:— 


Advertisements for December issue to be received not later than November 24th. 


SITUATIONS VACANT 


ELECTRONIC ENGINEERS 


BRISTOL 


ey 
Aircraft 


GUIDED WEAPONS 


Bristol Aircraft Limited are increasing the scope and size of 
their electronics laboratory. This has created a number of 
new and challenging positions in the highly successful team 
which has designed and developed Instrumentation and 
Data Handling systems for Guided Weapons. The work is 
highly interesting and of a varied nature, involving in some 
cases direct liaison with university research teams. 


A. SENIOR COMMUNICATIONS ENGINEER 
B. SEMI-CONDUCTOR PHYSICIST 


Other positions are available in the following fields: 

C. SPACE ELECTRONICS 

D. COMMUNICATIONS AND DATA HANDLING 
E. SEMI-CONDUCTOR PHYSICS 

F. TRIALS PREPARATION 

G. ELECTRONICS DRAUGHTING 


The man appointed to post “A” will be responsible for 
building up a team engaged on Communications Research 
and Development. He will hold an honours degree, and 
have a minimum of 3 years experience in at least one branch 
of the radio communications field. 

The man appointed to post ““B”’ will work, amongst other 
things, on the design of instrumentation based on the 
Piezo-Electric, Hall and Thermo-Electric effects. He will 
hold an honours degree and should have a minimum of 2 
years experience in the application of semi-conductors to 
new types of instrument-measuring devices. 

Both posts are of monthly Staff status. 

Cc. For work on general circuit design of very low powered 
consumption. Minimum qualification HNC or equiva- 


lent, though a university degree would be required for 
some of the vacancies. Experience in semi-conductor 
circuit designand/orcommunicationssystemsisessential. 
Assistants for the Senior Communications Engineer, 
who will be working on Communications Research and 
Development. Qualifications and experience as for 
(C) above. 
Assistants for the Semi-Conductor Physicist, who will be 
working on the design of instrumentation based on the 
Piezo-Electric, Hall and Thermo-Electric effects. Appli- 
cants for these posts should hold a physics degree and 
be interested in the application of new materials and 
techniques in the design of measuring instruments. 
Travel to ranges at home and abroad will be expected 
of persons interested in joining our Missile Trials Pre- 
paration Teams. They should have experience in this 
field and a working knowledge of telemetry systems or 
practical experience of radio or radar servicing in the 
Forces. 
All grades of electronics draughtsmen are required for 
work on new and current projects. Applicants should 
have experience in the design of electronic test gear and 
miniaturised equipment. 

Removal expenses, settling-in allowance and assistance 

with house purchase may be obtained. 


Please write, giving full details, including present salary, 
and quoting reference of post for which application is made, 
to:— 

J. Raimes, Room GW/4/CON, Bristol Aircraft Limited, 
Filton, Bristol. 


MEMBER COMPANY OF BRITISH AIRCRAFT CORPORATION 


PRECISION COLD 
CATHODE TUBES 


ELESTA 


miniature Decade Counters: max, 
ee million p.p.s. 


Miniature d.c. se a.c. Triggers with pure molybdenum cathode: very long 
life = over 25,000 hours. 


Miniature and sub-miniature Voltage Reference and Stabilizers with pure 
molybdenum cathode: Stabilized life = over 20,000 hours. 

Precision magnetic and thermal Relays. 

Electronic Controls = Timers, Pilot Relays, 
Controls, oit-burner Controls. 

Write or phone for DATA and CIRCUITS: 


BRITEC LIMITED 


17 CHARING CROSS ROAD, LONDON, W.C.2 


counting rate = 300,000 and 


Light and Photoelectric 


Distributing Agents: 


WHI 3070 


Instrument Manufacturer wishes to engage 
an Electronic Engineer to assist in the 
design 


of novel This is 


interesting work and demands a_ broad 


instruments. 


electronic experience to at least H.N.C. 
level. This expanding field will give 


excellent prospects and merits a good 


48 xX 21 ¢6 mm 


salary, Write in confidence to Managing 
Director/TM 32, De Grave, Short & Co. 
Lid., Cray Valley Works, St, 
Orpington, Kent. 


Maiy Cray, 
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SITUATIONS VACANT 


TECHNICAL 
SALES 


HILGER & WATTS LTD. 
have vacancies in their Technical 
Sales Department for qualified 
Electrical or Electronics Engineers 
and Applied Physicists. 

The emphasis today on quality 
Control and automation involves a 
continuing expansion in the world 
market for Scientific Instruments and 
the prospects for energetic young 
men with sales experience are 
excellent. 

























































Re F. 






If you are interested in learning more 
about these vacancies you are invited 
to write in confidence to the: 

Chief Personnel Manager, 

98 ST. PANCRAS WAY, 

LONDON, N.W.1, 

giving full details of your education, 
qualifications, and experience and 
stating age and minimum salary 
requirements. 






















Vacancy occurs for TECHNICAL SALES 
ENGINEER. Knowledge of control cir- 


cuits and control techniques essential. 







Housing available. Apply stating salary 
required to Electrical Remote Control 
Co. Ltd., Harlow, Essex. 


several years experience. 









COMMONWEALTH OF AUSTRALIA 
























AERONAUTICAL RESEARCH LABORATORIES 
ANALOGUE COMPUTER EQUIPMENT 


Development and Application 


The pepmonent of Supply invite applications for the following vacancy at the 
Aeronautical Research Laboratories, Fishermen's Bend, Victoria: — 


POSITION & SALARY: SENIOR SCIENTIFIC OFFICER: £A2,460/2655. 


DUTIES: (Pos. No. 333)—Responsible to the Principal Scientific Officer, System 

namics for: (a) The development of analogue computation and simulation 

facilities needed for the investigation of the kinematics and dynamics of guided 

missiles and their associated Control systems; (b) The application of this equip- 

ae for the solution of a wide range of problems concerned with systems of 
this nature. 



















QUALIFICATIONS: Honours degree in electrical or aeronautical engineering 
together with some years experience in the above, or a related field. 


TRAVEL: Under specified conditions, first class air/sea transport for the appointee 
and dependents (wife and dependent children) will be provided by the 
Commonwealth. 


CONTRACT TERMS: If desired by the successful candidate consideration may be 
given to entering into an agreement for a three (3) or five (5) year contract of 
employment in Australia. In this case the Commonwealth will bear the cost of 
return fares; together with removing the successful applicant's furniture and 
effects up to a maximum cost of £500 (Aust.), £250 each way. 


APPLICATIONS: Forms obtainable from The Senior Representative (AV. 80/7), 
Department of Supply, Australia House, Strand, London, W.C.2, with whom 
completed applications should be lodged by 30th November, 1960. 
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Hawker Siddeley Aviation 


ROE AND COMPANY LIMITED 
CHERTSEY, SURREY 


SENIOR AND JUNIOR SERVO ENGINEERS 


are required by A. V. Roe at their Chertsey Laboratories to work 
on the design and development of advanced control systems. An 
existing team is being expanded and new teams are being formed 
to cover a wide range of investigations. Opportunities exist both 
for those with a theoretical bent and also for engineers with 
experience of practical system design. While a knowledge of servo 
mechanisms is advantageous, the scope of the work is such that 
there are posts for those who have previously worked in other fields. 
Candidates for senior posts should have a degree or H.N.C. with 






































LIMITED 


Apply in writing, giving brief details of your career to: 


A. V. ROE & CO. LTD., HANWORTH LANE, CHERTSEY, SURREY 


Vacancies exist for TECHNICAL SALES 
ENGINEERS and TESTERS with exper- 
ience in control circuits, timers and 
relays. 5 day week. Housing available. 
Apply Electrical Remote Control Co. 
Ltd., Bush Fair, Harlow, Essex. 


INSTRUMENTATION 
ENGINEERS 


E-A Automation Systems Limited have a 
number of vacancies for engineers having 
previous experience in the specification of 
process instrumentation and control 
schemes, The work covers the application 
of pneumatic and electronic process control 
instrumentation in automation systems cover- 
ing a wde range of industry including 
paper, steel, chemical, etc., and provides 
opportunities to participate in advanced 
projects being undertaken at home and 
abroad. Both senior and intermediate staff 
are required and attractive salary and 
promotion ‘prospects are offered, 

Reply: Personnel Manager, Century Works, 
Conington Road, Lewisham, S.E.15. 























SITUATIONS VACANT 


R.R.E. COLLEGE OF ELECTRONICS 
Ministry of Aviation, Royal Radar Establishment, Malvern 
SENIOR LECTURER required to teach ELECTRICAL ENGINEER- 
ING to equivalent degree level for Sandwich Diploma Courses. Ability 


to teach Mathematics as a subsidiary subject would be an advantage. 
Good honours degree and teaching or other suitable experience preferable. 


Salary Burnham Technical Scale (£1550 x £50-£1,750), subject to 


Teachers’ Superannuation Acts. 


Application forms obtainable from the Principal for return within 
two weeks of the appearance of this advertisement. 


INSTRUMENT 
ENGINEERS 


Engineers experienced in pro- 
cess control and instrumenta- 
tion are invited to apply for a 
progressive post which has 
become available owing to our 
programme of expansion. 
Interesting work with wide 
prospects. Salary according to 
experience. 


Apply Box No. CI33 
Own Staff informed 


DYNATRON RADIO LTD. require a 
SERVICE ENGINEER for their Electronic 
and Nucleonic Equipment section. Appli- 
cants must be experienced in this field of 
activity. Apply Personnel Manager, St. 
Peter’s Road, Furze Platt, Maidenhead. 


TESTER REQUIRED with experience 
in timers, relays and control panels. 
5-day week. Housing available. Apply to 
Electrical Remote Control Co. Ltd., 
Harlow, Essex. 


SUPPLIES & SERVICES 
SECTION 


CAPACITY AVAILABLE 
BUSINESS OPPORTUNITIES 
CONSULTANTS 


SPECIAL SERVICES 


PRESSINGS IN ALL 
METALS 
up to 60 tons 
Press tools manufactured in 
our own toolroom. Light 


FOXBORO-YOXALL 
LTD., 
REDHILL, SURREY 
TECHNICAL 
ASSISTANTS 


Young men possessing a general 
engineering background, preferably in 
process plant operation or instrumen- 
tation, coupled with an educational 
standard of the O.N.C, in Mechanical 
or Electrical engineering, seeking an 
opportunity to utilise this knowledge 
in the instrument engineering field, 
are requested to apply, in writing, 
giving details of their education and 
experience. 

Applications for the above appoint- 
ments, giving complete details of 
career and educational background, 
should be addressed to the Staff 
Manager. 


SPECIAL EQUIPMENT 


TELEPRINTERS 
PERFORATORS 
REPERFORATORS 
TAPE READERS 
Suatete and VE. pleerh. multi- 
channel units; Testing pment. 
i F T P Carriers = 

ters ; ing Rectifiers an 
Relays, Transformers, Transmit and 
Receive sie Ree i — Retard- 
Uniselectors, Remote Control Trans. 


cae teieenns American, and Ger- 

man Equipment. 

BATEY & CO., GAIETY WORKS, 
Akeman 


Herts. 
Tel.: TRING 2183 and 2310 


‘“Uckeern’ 
Crystals 


Manufacturer of any shape or style of 
plastic transparent cover for protective 
and viewing purposes on all types of 
mechanisms or instruments. 
Unbreakable glasses for watches, 
clocks and instruments. 


Cc. N. BROWNE 


14 Abbotts Road, Cheam, Surrey 
Telephone: FAlIrlands 3314 


assemblies—Domestic, Electri- 
cal and Mechanical. All 
finishes. A.D. and A.R.B. 
approved. Advice and estimates 
given free. 


Inquiries to: 
METAL COMPONENTS 
LTD. 


DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 


Telephone : 
Shoreham-by-Sea 2224-5 


TECHNICAL TRANSLATIONS by a 
team of graduate experts, covering many 
technical fields and languages. P. Sucho- 
dolski, F.1.L(Eng.), 70 Greenfield 
Gardens, London, N.W.2, Telephone: 
MEAdway 2239. 


PRECISION 
SHEET METAL 
WORK 
* 


Specialists in the manufacture 
of Prototype Electronic Instru- 
ment Cases, Chassis and Panels. 
Also Oxy-acetylene, Arc and 
Argon-arc Welding, and the 
fabrication of all metals. 

a 


Contractors to H.M. Government 
D.G.L, Approved Number 5068/51 


e 
F. W. EDWARDS & SON 
Witley Works, Witley Gardens 
Southall, Middlesex 
SOUthall 3704 and 5233 
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ELECTRICAL CONNECTORS 


PLUGS AND SOCKETS 
1,000,000 


covering over 50 different ranges, 


more than in stock, 


British and American. 
Stock list on application to : 
SASCO, 
Nutfield, Redhill, Surrey 


Telephone: Redhill 5050 


COLLIMATOR CASES LTD. Manufacture 


and design cases in wood, leather and 


canvas for all types of scientific instruments 


and equipment; pattern making for the 


instrument trade; high-class joinery and 


cabinet work. Quick deliveries. Special 


prices for large quantities. Memel Wharf, 
399 Albany Road, London, S.E.5. Tele- 
phone: Rodney 5734/5. 


$0,000 PRECISION INSTRUMENT 
GEARS OF ALL TYPES FROM STOCK! 
(Now including Spiral Bevels) 


Write for fully comprehensive Catalogue 
THE DAVALL GEAR COMPANY 
LIMITED 


POTTERS BAR, MIDDLESEX 
Telephone Number: Potters Bar 2382 


Electrical windings on production 
basis, F.H.P, armatures, stators, trans- 
formers, resistance tubes, Solenoid 
coils, chokes, etc. 
Immediate attention to all enquiries 


KENSAL ELECTRICS LTD 
151 Kensal Road, London, W.10 
LAD 4530 


SPEARETTE 


aids and components 
for all 
manufacturers of 
electronic equipment 


SPEAR ENGINEERING 
co. LTD. 
WARLINGHAM, SURREY 
Upper Warlingham 2774 
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Relay System c 


The most highly developed 
Relay System available 


D. ROBINSON ete 
NDON ROAD. HO 


HOU 5 wv Pele 


a 


PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 108) now available. 
Covers small and medium solid core types 
including new types 45, 35, 36 and 37. 


Send for your copy now. 


Quick Delivery Solenoids are normally despatched same day as mete of order 


PHILLIPS CONTROL (6.B.) LTD. sxmecsst Hanes 


phone: Farnborough 1120 


FOR SERIES RATES — RING MUSEUM 8252 


INSTRUMENTS 


OSCILLOSCOPES 


by KASAMA 


TYPE 257 

D.C. to 20 Mc/s. 

Rise Time 0.018 «2S. 

100 mV/cm to 100 V/cm. 

Signal Delay 0.25 4S. 

Time Base .02 » S/cm to 4 sec/cm. 

Additional Amplifier gives A.C. 
Y Gain of 2.5 mV/cm. 


TYPE 256 
D.C. to 11 Mc/s. 
25 mV/cm to 100 v/cm. 
Rise Time .035 4S. 
Time Base 0.1 # S/cm to } sec/cm. 
Additional Amplifier gives A.C, 
Y Gain of 2.5 mV/cm. 


KASAMA ELECTRONICS LTD. 
139/149 Fonthill Rd., London, N.4 
Tel: ARChway 6160 


SPECIAL SERVICES 


PROTOTYPE OR BATCH 
PRODUCTION 

OF 
ELECTRONIC EQUIPMENT 
INSTRUMENTS 
PRECISION RESISTORS 
TRANSFORMERS 
RESIN CASTINGS 
ROTARY H.V. SWITCHES 


DESIGN AND DEVELOPMENT 


METAL 


PRECISION SHEET 
WORK, TURNING 


MILLING, 


ELECTRODEVICES LTD. 
MANOR WORKS 
7B OLD TOWN 

CLAPHAM 
S.W.4 
MACAULAY 4226/7/8 


GEARS 


INSTRUMENT GEARS from. stock. 
Write for catalogue. The Davall Gear 
Co. Ltd., Gear Works, High Street, 
Potters. Bar, Middlesex. Telephone 
Potters Bar 2382-3. 





Circle No 184 on reply card for further details 
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Makers of Precision Gears. All types up to 


ADVERTISERS 


Adcola Products Ltd 
A.D.S. Relays Lid 
Advance Components Ltd 


Advance Components Ltd 
Division 


Advance Components Ltd (Mains Stabilization 
Div.) 


A.E.I. Ltd 
Airmec Ltd 
Alexander Controls Ltd. 

Ampex Great Britain Ltd 
Amphenol-Borg Ltd 

Ancillary Developments Ltd 
Anglo-American Vulcanized Fibre Co, 
Appleby & Ireland Ltd 

Ardleigh Engineering Ltd 


(Instrument 


5, 


(Instrumentation Div.) 


Lid 


8" diameter 10 to 64 D. P. 


Send your enquiries to OUR NEW FACTORY 


G. W. EVERY & SONS LTD. 


FIRST AVENUE, DENBIGH ROAD, BLETCHLEY, BUCKS 
Telephone: Bletchley 2476 


= 
34 


Armstrong Whitworth Aircraft Ltd, Sir W. G. 


Associated Transistors Ltd. 
Aveley Electric Ltd 
Avo Ltd 


Baldwin Instrument Co. 
B & R Relays Ltd 
Black Automatic Controls Ltd 
Blakeborough and Sons Ltd, J. 

Bribond Ltd 

Bristol Siddeley Engines Ltd 

British Electrical Development Association 
British Electric Resistance Co. Ltd, The 
British Ermeto Corp. Ltd 


ne Federal Welder and Machine Co. 
ie 


British Rototherm Co. Ltd, The 
Brookhurst Igranic Ltd 

Bryans Acroquipment Ltd 
Bulmers (Calculators) Ltd 
Burgess Products Co. Ltd 


Ltd 


Ltd, 


Cambridge Instruments Co, Ltd 
Carr and Co, Ltd, James W. 
Citenco Ltd 

Cockburns Ltd 

Counting Instruments Ltd 


Datum Metal Products Ltd 

de Havilland Propellers Ltd 

* Diamond HH" Switches Ltd 
Donovan Electrical Co. Ltd, The 
Dowty Rotol Ltd 


Drayton Regulator and Instrument Co. Ltd 


Elcontrol Ltd 
Electro-Methods Ltd 
Electrolube Ltd 

Electronic Associates Ltd 
Electronic Control Eng Ltd 
Elliott Brothers (London) Ltd 159, 


Elliott Brothers (London) Ltd (Servo Compo- 
nents Div.) 


Endecotts (Filters) Ltd 

Engel and Gibbs Lid 

English Electric Co. Ltd, The 
English Numbering Machines Ltd 
Ericsson Telephones Lid 


152, 


210 


Ericsson Telephones Ltd (Instrument Div.) 
Ether Ltd 

Every and Sons Lid, G. W. 
Expanded Metal Co, Ltd, The 
Export Packing Service Ltd 


Feedback Lid 

Fielden Electronics Ltd 

Firth Cleveland Instruments Ltd 
Foster Instrument Co. Ltd 
Foster Transformers Ltd 


Goodmans Industries Lid 
Graphis Publicity Ltd 
Guiterman & Co, Ltd, S. 


Haddon and Stokes Ltd, 
Hagan Controls Ltd 
Hairlok Co. Ltd, The 
Hassett and Harper Ltd 
Headland Eng Dev. Lid 
Hendrey Relays Ltd 
Hilger and Watts Ltd 
Hivac Ltd 

HML Engineering Ltd 
Honeywell Controls Ltd 
Hydraulics and Pneumatics Ltd 


Thomas 


Industrial and Commercial Finance Co. Ltd 
Insuloid Manufacturing Co. Ltd 
International Computers & Tabulators Ltd 
Isenthal & Co. Lid 

Imhof Ltd, Alfred 


Jones Tate and Co, Ltd 
Kent Ltd, George 


Kodak Ltd 


Lancashire Dynamo Electronic Products Ltd 19, 


Lang Pneumatic Ltd 
Lock and Co. Ltd, A. M, 
Londex Ltd 


Magnetic Devices Ltd 

Magnetic Valve Co. Ltd, The 
Marston Excelsior Ltd 

Martonair Ltd 

Maxam Power Lid 

Mead & Phasey Ltd 

Meridian Shipping & Forwarding Co. 
Midland Silicones Ltd 

Mullard Ltd 


Ltd 


New Electronic Products Ltd 
Oliver Peli Control Ltd 


Page Engineering Ltd 
Painton and Co. Lid 
Panellit Ltd 


Parvalux Ltd 
Pelapone Ltd 


Penny and Giles 


Phoenix Telephone and Electric Works Ltd, 


The 
Pilot Plug Gauge Co. Ltd, The 
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ISSUE 


Platon Lid, G. A, 

Plessey Co, Ltd, The 

Plessey Co. Ltd, The (Semimetals Div.) 
Polypenco Ltd 

Pratt and Co. Ltd, F. 

Pullin and Co. Ltd, R. B. 

Pye & Co. Ltd, W, G. 

Pye Electric Ltd 


Racal Instruments Ltd 

Radiospares Ltd 

Radiovisor Parent Ltd 

Rank Cintel Ltd 

Record Electrical Co. Ltd, The 

Reliance Gear Co. Ltd 

Reliance Manufacturing Co. (Southwark) Ltd 
Research and Control Instruments Ltd 


Salford Electrical Instruments Ltd 
Sanders (Electronics) Ltd, W, H. 
Sangamo Weston Ltd 

Sargrove Electronics Ltd 
Saunders-Roe Ltd 

Semiconductors Ltd 

Screen Process Supplies Ltd 
Schrader’s Son, A. 

Scientific Furnishings Ltd 

Short Brothers & Harland Ltd 
Simplifix Couplings Ltd 

Smail Sons and Co, Ltd 

Smith (London) Ltd, A. S. Carrick 
Smiths (industrial Div.) 

Solatron Electronic Group Ltd, The 
Solus Electronic Tubes Lid 
Southern Instruments Ltd 

Sperry Gyroscope Co, Ltd 

Square D Lid 

Standard Telephones & Cables Ltd 
Stanley and Co. Ltd, W, F. 
Stone and Co, (Deptford) Ltd, J. 
Stone-Chance Ltd 

Superflexit Ltd 


Teleflex Products Ltd 

Telehoist Ltd 

Telequipment Ltd 

Telephone Manufacturing Co. Ltd 
Texas Instruments Ltd 

Thompson Ltd, J. Langham 
Thorn Electrical Industries Ltd 
Tinsley and Co. Ltd, H. 

Trist & Co, Ltd, Ronald 


Vactric (Control Equipment) Ltd 
Vickers Armstrongs (Engineers) Ltd 
Vitos Lid 


Wade Couplings Ltd 

Wallace and Tiernan 

West Instrument Ltd 

Westool Lid 

White Dental Mfg Co. (G.B,.) Ltd, The S.S. 
Williams and James (Engineers) Ltd 
Wynstruments Lid 
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